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CLINICAL INVESTIGATION OF SULFONAMIDE PROPERTIES 


Relation to Infections of the Urinary Tract 


Nature of the Problem. Among. bacterial 
infections, only those of the respiratory 
system outnuinber infections of the urinary 
tract. “Simple pyelitis” apparently occurs 
very seldom. “Infection of the interstitial 
tissue of the kidney is almost invariably 
associated with that of the kidney pelvis.” 
It is considered that the infection is often 
blood-borne.! 


Chemotherapeutic Approach. As with other 
infections of parenchyma, the therapeutic 
agent of choice is one which (a) establishes a 
high, prolonged blood level; (b) exhibits 
superior tissue distribution; and (c) has 
potent antibacterial action. 


The Safety Factor. \n acid urines (pH of 6.0 
or less), commonly encountered when in- 
fection is present, the danger of crystalluria 
is less when SULFOSE is given than when 
other sulfonamides are used. In acid urines, 
triple sulfonamides are far more soluble 
than single sulfonamides. 
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HOURS AFTER Ist DOSE 


Dosage Schedule 
poe 4 Gm. initially 
Triple Sulfa “B’’ J 1Gm. 6 hrs. later 


SULFOSE produces higher and_ better-sus- 
tained blood levels, as shown by compara- 
tive clinical studies.” 

SULFOSE contains sulfonamides noted for 
superior tissue distribution.’ 

The SULFOSE components show superior,' 
and additive® antibacterial action against E. 
coli. 


Sulfisoxazole 
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4 Gm. mitially 
2 Gm. 6 hrs. later 


4 Gm. initially 


Sultadimetine 1 Gm. 6 hrs. later 


Supplied: Suspension; bottles of | pint 
Tablets, 0.5 Gm.; bottles of 100 and 1000 


One teaspoonful Suspension (5 cc.) or one Tablet 
supplies 0.167 Gm. each of sulfadiazine, sulfamera- 
zine and sulfamethazine. 


Jeghers, H.: GP 6:73 (Sept.) 1952 

Berkowitz, D Antibiotics & Chemotherapy 
3:618 (June) 1953 

Sophian, L.H.; Piper, D.L., and Schneller 
G.H.; The Sulfapyrimidines. New York, Press 
of A. Colish, 1982; p. 56 

Schnitzer, R.J., et al.: J. Pharmacol. & Exper. 
Therap. 45:47 (Sept.) 1946 
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As prophylactic therapy in rheumatic fever or in the adjunctive treatment of peni 
cillin-sensitive infections, one intramuscular injection produces blood levels lasting 
as long as 14 days. Easy-to-give Permapen Aqueous Suspension is supplied in single- 
dose, disposable STERAJECT® cartridges containing 600.000 units of DBED 
penicillin. Each cartridge comes with sterile, individually wrapped needle. ready 
for immediate use in your Pfizer STERAJECT syringe. 


Long tailing. W>e>u- nnn cr g>@? OR FORTIFIED 


AQUEOUS SUSPENSION 


Embodies the higher blood levels produced by 300,000 units of procaine penicillin G 
crystalline and the protracted blood levels obtained from 300,000 units of DBED 
penicillin. Available in single-dose, disposable STERAJECT cartridges. each with 


its own sterile, individually wrapped needle. 


cody tke Bem wean ce yD@ ER ORAL SUSPENSION 


Therapeutic benefits are independent of meals. and one teaspoontul—300.000 units 


of DBED penicillin—every 8 hours provides demonstrable blood levels ‘round the 
clock in most patients. Easy-to-take Permapen Oral Suspension is peach-flavored, 
Jeaves no disagreeable after-taste. Supplied in 2 oz. bottles. No refrigeration needed, 


(Phi- er) PFIZER LABORATORIES, Brooklyn 6, N.Y. 
XX saaiigats: Division, Chas. Pfizer & Co., Inc 





| Doctor, would it be helpful to you in your 


practice to know that there is a food avail- 


able at reasonable prices in the stores the 


year round having these attributes: 

1. One of the best “protective’’ foods with a 
well-rounded supply of vitamins and minerals. 
2. Low sodium— very little fat—no cholesterol. 
3. One of the first solid foods fed babies. 

4. Useful in bland and low-residue diets. 

5. Mildly laxative. 


6. May be used in the management of both 
diarrhea and constipation. 


7. Can be used in reducing diets. 
8. Can be used in high-calorie diets. 


9. Useful in the dietary management of celiac 
disease. 


10. Useful in the dietary management of idio- 
pathic non-tropical sprue. 


11. Usefulin the management of diabetic diets. 
12. Valuable in many allergy diets, 

13. A protein sparer. 

14. Favorably influences mineral retention, 


15. Useful in the manayement of ulcer diets. 


FOR THE NAME OF THIS FOOD, PLEASE TURN THE PAGE 





The answer is 
BANANAS 


If you would like 


The authority for any of the statements 
made on the preceding page... 


2. Additional information in connection 
with any of them... 


The composition of the banana... 
The nutritional story of the banana... 


Information on various ways to prepare 
or serve bananas. 


Please feel free to write to 


Director, Chemical and Nutrition Research 


United Fruit Company 


PIER 3, NORTH RIVER, NEW YORK 6, N. Y. 
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Orders may now be placed with your book store or with the publisher. Probable publication date, February 1. 


THE YEAR BOOK PUBLISHERS, INC. 200 East Illinois Street, Chicago 11, Illinois 
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THE SUPERIOR EMBEDDING COMPOUND 


Tissuemat is widely used by leading lab- 
oratories for impregnating and embedding 
biological specimens for microscopic ex- 
amination. 


Fisher Tissuemat is superior because: 
. It will not crack or crumble during slicing 
. Forms ribbons readily 
3. Coheres during slicing 


. Convenient and clean to handle 


The larger cell structure of Tissuemat makes it 
Superior to paraffin because it will not crack or 
crumble when cut on the Microtome. There is no 
cell shrinkage or cell distortion during impregna- 
tion or cutting. 


Tissuemat Flakes are packed in one-pound car- 
tons with moistureproof liners and in ten-pound 
fiber containers. When ordering, specify melting 
point range 

1-lb.......$.70  10-Ibs.....$6.50 


Tissuemat Cubes are about one inch thick, con- 
venient for quick dispensing. The containers are 
fiber with metal ends. 
25-lbs....$13.50 50-lbs....$25.00 
Melting point ranges available 
A. 50-52°C. (122-125°F.) C. 54-56°C. (130-133°F.) 
B. 52-54°C. (125-130°F.) D. 56-58°C. (133-137°F.) 
E. 60-62°C. (140-143°F.) 


MICROTOMES are available in several models to 
meet various requirements. Special Microtome knife 
sharpener also avatiable. Write for complete details. 


FREE-- one pound sample from us or ask your dealer. Specify melting point. 
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PITTSBURGH (19 NEW YORK (14) ST. LOUIS (18) WASHINGTON MONTREAL, P.Q. TORONTO (8), P.O 
717 Forbes St 635 Greenwich St 2850 S. Jeflerson Ave 7722 Woodbury Dr., 904 St. James 245 Carlaw Ave 
Silver Spring, Md 
America's largest Manufacturer -Distributor of Laboratory Appliances and Reagent Chemicals 
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May be used for calibration of stand- price $25.00 
ard protein curves in any colorimet- le 
ric, photometric or Kjeldahl proce- Vol. 12 (1933) six issues 10.00 
dure. Vol. 13 (1934) six issues 10.00 


Definite protein content given on Vol. 27 (1948) six issues and one 
each container—determined by the supplement 10.00 
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containing approximately 3 cc. $7.50 supplements 10.00 
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advance in therapy of 


adrenocortical insufhiciency 


one 


RPercortem (2.6. otis: 


intramuscular repository 


“A month’s therapy with a single injection.”’ Therapy of chronic 
adrenocortical insufficiency has been improved and made more convenient to both patient and 
physician by Ciba’s introduction of Percorten trimethylacetate in the form of a long-acting micro- 
crystalline suspension.’ @ A single injection of this new long-acting steroid hormone derivative 
provides maintenance therapy for about a month, e This protracted and constant therapeutic 
eflect is achieved because the suspension, when administered by deep intramuscular injection, 
simulates a miniature pellet in that a small fraction of the total dose is absorbed daily. e Patients 
who have Addison’s disease and who are not in crisis can now be treated on a highly satisfactory 


ambulatory basis. 


Indications: Chronic primary and secondary adrenocortical insufficiency. and 
hypotension associated with adrenal insufhciency. Supplied: Multiple-dose 
vials—4 ml. containing 25 mg. ml. as an aqueous suspension for intramuscular 
use only. Note: Percorten (desoxycorticosterone Ciba) is available in 4 admin- 
istration forms: (1) Percorten’ trimethylacetate, long-acting intramuscular 
repository, aqueous suspension; (2) Percorten acetate in oil solution, for intra- 
muscular injection; (3) Percorten acetate Linguets,® for sublingual or para 
buccal absorption; (4) Percorien acetate pellets, for subcutaneous implantation. 

Ask your Ciba professional service representative or write the Medical Service 


Division for complete information on the use of Percorten trimethylacetate. 


1. Grows, FE. and Techopp. I kaperientia 8.75, 1952 un. G. W. and 
Jenkins, Do: In prese. 3. Thorn, G. Wi; Jenkins, Do; Are and Fraw 
ley, LE: Schweiz. med. Wehnschr. 82:697, 1952. @ Gaunt, R.; Leathem, J.; 
Howell, C., and Antonchak, N.: Endocrinology 50:521, 1952. §. Sorkin, S. Z., 
and Soffer, L. J.) Am. Fed. Clin. Research, May 4, 1952. 
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ELECTROPHORESIS APPARATUS 


Aminco's leadership in this field has made its models of electrophoresis 
apparatus standard equipment in research institutions throughout the 
United States and abroad. Compact and complete units, these instruments 
incorporate optical systerns of high resolving power, regulated high-voltage 
supplies, mechanical refrigeration, and dialysis facilities. Convenient to use, 
high output, mobile, and versatile for exacting research in electrophoresis, 
analysis, preparative work, and diffusion studies. BULLETINS L-2175 & L-2281, 


WARBURG APPARATUS 


Maximum operating convenience and superietive performance are character- 

istic of Aminco Warburg apparatus that is serving so creditably the world over. 
Available in the rotary type (illustrated) or dual-shaker (rectangular) 

type, in heated or refrigerated models. 

. pe many advantages of Aminco apparatus are described in BULLETIN 
-2185. 


DUBNOFF METABOLIC SHAKER-INCUBATOR 


Up to 30 specimens can be shaken simultaneously in this improved apparatus 
at temperatures from 25° to 100° C., with a sensitivity of plus-minus 0.015° C. 
within the flasks. Intended for metabolic studies not requiring the measure- 
ment of gas exchange. Accommodates two types of racks for holding beakers 
or Erlenmeyer flasks. Shaking speed is constant regardless of line-voltage 
fluctuations. Has provisions for gassing. Flasks may be simultaneously 
cooled, gas equilibrated, incubated, or boiled. Many other features described 
in BULLETIN L-2239. 


LIGHT-SCATTERING MICROPHOTOMETER 


Measures from 20 micro-microlumens to 20 lumens, absolute turbidity, dis- 
symmetry, depolarization, fluorescence, reflectance, phosphorescence, optical 
density, and optical transmission. Has outlet for connection to a recorder. 
BULLETIN L-2241. 


PHOTOMULTIPLIER MICROPHOTOMETER 


For precise measurement and comparison of light Intensities at selected 
wavelengths. Measures from 20 micro-microlumens to 20 lumens, densities 
from 0 to 11, and phototube currents from 10° to 10'' amperes. Range can 
be extended with neutral filters. BULLETIN L-2190. 


Other réminuco Laboratory Justraments 


Freeze-dry Apparatus Incubators Thermoregulators 
Centrifuges Ovens Relays 
Pipetting Machines Sterilizers Pumps 
Optical Rinargtion Cells Mechanical Dialyzers Stirrers 
Constant Temperature Baths Fiame Photometers Immersion Heaters 
Coleman Spectrophotometers, Fiuorometers, Nephelometers, 
Colorimeters, and pH Meters 
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Silver Spring, Maryland ¢ In Metropolitan Washington, D. C. 
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Administration of large doses of either cortico- 
tropin (ACTH) (1) or the adrenal steroids (2-5) 
to human subjects ordinarily results in an initial 
phase of sodium retention which is often accom- 
panied by increased excretion of potassium in the 
urine and by a decrease in intracellular potassium 
(6). In order to minimize potassium depletion, it 
has become common practice to add supplements 
of potassium salts to the diets of patients receiving 
large doses of ACTH or cortisone. The use of 
such supplements was alsc found to be extremely 
effective in overcoming the sodium retention in- 
duced by ACTH and by cortisone (7). The pres- 
ent study was designed to clarify the mechanism of 
the sodium diuresis which follows the ingestion 
of large amounts of potassium salts. 


SUBJECTS AND METHODS 


Thirty experiments were carried out in 14 subjects 
Seven subjects were men, seven woman. Seven subjects 
had rheumatoid arthritis, one disseminated lupus erythe- 
matosus, one dermatomyositis, one gout, one multiple 
sclerosis, one hyperinsulinism, one Cushing’s syndrome, 
and one no demonstrable disease. No subject with evi 
dence of disease of the liver, kidneys, or of the pituitary 
or adrenal glands was included in this series. 

Throughout the course of the study each subject was 
maintained on a constant diet. Total urinary output was 
collected. When appropriate, specimens of feces, saliva, 
and blood were taken for electrolyte determination. In 
most experiments, potassium salts were administered 
orally in small divided doses; in a few cases, the potas- 
sium salt was given by continuous intravenous infusion. 
ACTH was administered intramuscularly, either in 
aqueous solution every six hours or in 16 per cent gela- 
tin every 24 hours. When either cortisone acetate or 
hydrocortisone was used, the daily dose was divided into 
four equal parts administered orally every six hours. 

1U. S. Public Health Service, Post-doctorate Fellow 
in Arthritis and Metabolic Diseases. 

Present address: The Clinical Center, National Heart 
Institute, Bethesda 14, Md. 


The following laboratory methods were employed: So 
dium and potassium determinations were made, using a 
flame photometer (Perkin-Elmer Model 52-A) with 
lithium as an internal standard. Chloride was determined 
by the method of Schales and Asper (8, 9). 
phosphorus was determined by the method of Fiske and 
Subbarow (10). Urinary ammonia was determined by the 
method of Folin and Bell (11). Urinary pH was esti- 
mated on freshly voided specimens by means of nitrazine 
paper. Urinary titratable acidity? was determined by 
an adaptation of the method of Henderson and Palmer 
(12). 
determinations, urine was collected under oil in 
amounts of carbon dioxide-poor sodium hydroxide solu 
tion; carbon dioxide-plus-bicarbonate was then determined 
on a Van Slyke and Neill manometric blood gas appara 
tus. Urine specimens for all other chemical determina- 
tions were collected in chemically clean glassware con- 


Inorganic 


In preparation for carbon dioxide-plus-bicarbonate 
small 


taining a known excess of sulfuric acid. 
RESULTS 


Representative results obtained in each category 
of experiments are as follows: 


The regularity with which administration of 
ACTH results in retention of sodium in human 
Subject A. A. 


received five courses of treatment, each employing 


subjects ts illustrated in Figure 1. 
a different preparation of ACTH. Retention of 
sodium occurred during administration of each 
preparation. Sodium excretion tended to return 
to control levels after the initial three or four days 
of treatment, but a frankly negative sodium bal 
ance was never observed as long as effective dosage 
of ACTH was maintained. The abrupt with 
drawal of each preparation was followed by a 
marked diuresis of sodium. In our experience 
this pattern of sodium retention occurs invariably 


2The term “titratable acidity” as employed in this 
report actually refers to “titratable acidity minus carbon 


dioxide,” inasmuch as carbon dioxide was driven off by 
“boiling” the urine under reduced pressure before titrating 


to a pH of 7.4. 
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A CONSTANT Diet 


in subjects with normal adrenals during continuous 
treatment with ACTH. The pattern may be pro- 
foundly modified, however, when potassium ther 
apy is superimposed upon ACTH therapy. 
Typically, the administration of potassium ace- 
tate results in sodium diuresis for approximately 
two days. Soctsum excretion then returns to con- 
trol levels, and there may even be a phase of so- 
dium retention despite continued administration 
of the potassium salt. The sodium retention pro- 
duced by ACTH can be completely prevented by 
simultaneous administration of large doses of po- 
tassium acetate (Figure 2). Subject L. G., after 
a control period of six days, was given potassium 
acetate, 360 mEq. daily, for a period of 12 days. 
This particular experiment was atypical in that 
only a minimal sodium diuresis occurred during 
the first two days of potassium administration. 
When ACTH was started on the seventh day of 
potassium administration, there was no evidence 
whatever of sodium retention. That potassium 
acetate had actually prevented the sodium-retaining 
effect of ACTH became apparent on the nineteenth 
day of the study, when the potassium salt was with- 
drawn. At this time the unopposed influence of 
ACTH became manifest, and the subject entered 
a phase of marked sodium retention. Finally, on 
the twenty-fifth day of the study, ACTH was with- 
drawn and a marked diuresis of sodium ensued. 
The complete reversal of ACTH-induced so- 


dium retention by the administration of potassium 
acetate is illustrated in Figure 3. Subject R. D., 
after an initial control period, was treated with 25 
international units of ACTH, injected intramus- 
cularly every six hours, and the expected phase of 
sodium retention was readily apparent. On the 
seventh day of ACTH therapy, the administration 
of potassium acetate was begun, and despite the fact 
that ACTH was continued, a striking sodium diu- 
resis occurred, which resulted in a loss of more 
sodium than had been retained previously. It will 
be noted that the natriuretic effect of potassium ace- 
tate was maximal for only two days and disappeared 
after four days. After ACTH was withdrawn on 
the nineteenth day of the study, the sodium loss 
which usually follows sudden withdrawal of this 
hormone was hardly preceptible. Finally, on the 
twenty-fifth day of the study, potassium acetate was 
withdrawn, and a phase of almost complete sodium 
retention ensued. A reactive rebound phenomenon 
is well illustrated in this study: First, the sodium 
loss which occurred when potassium was adminis- 
tered was greater in magnitude than the preceding 
ACTH-induced sodium retention; second, the so- 
dium retention which followed withdrawal of po- 
tassium exceeded in magnitude the sodium loss 
which occurred when potassium was administered. 

Data presented in Figure 4 show that potassium 
acetate will also induce sodium diuresis in subjects 
not receiving ACTH. Subject A. A., who had 
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not been treated previously with ACTH, showed 
a moderate loss of sodium when he received 360 
mEq. of potassium acetate in one day. On the fol- 
lowing days, sodium was retained. Subsequently, 
this subject was given the same amount of potas- 
sium acetate plus 100 units of ACTH for one day, 
and a similar sodium diuresis occurred. This in- 
dicates that the natriuretic effect of potassium ace- 
tate is not limited to subjects receiving cortico- 
therapy. 

It will be noted, however, that the sodium diure- 
sis in subject A. A. was much less in magnitude 
than that observed in other subjects given po- 
tassium acetate in comparable doses, most likely 
because this subject, not having received ACTH, 
had not retained an excess of sodium before the 
potassium was administered. As shown in Fig- 
ure 5, it appears that the degree of sodium loss 
which occurs when potassium acetate is given is 
proportional to the body stores of sodium. For 
17 days, subject N. C. was given a diet in which 
sodium intake was severely restricted (6 mEq. per 
day). During the first six days, urinary excretion 
of sodium gradually came into equilibrium with 
sodium intake. Administration of ACTH from 
the seventh day on resulted in little or no sodium 
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retention. When potassium acetate (360 mEq. per 
day) was added to the ACTH regimen from the 
eleventh through the fourteenth days, there was a 
slight but definite loss of sodium. Withdrawal of 
potassium was followed by a return to sodium 
equilibrium. Thus, administration of potassium 
acetate induces a negative sodium balance, even 
when not preceded by a phase of sodium retention ; 
the sodium diuresis, however, is less intense when 
there has not been a preceding phase of sodium 
retention. 

A number of theoretically possible mechanisms 
were tested in an effort to explain the natriuretic 
action of potassium salts. Is the natriuretic ac- 
tion a function of the potassium ion alone, or is it 
influenced by the type of anion administered with 
the potassium? The fact that potassium salts other 
than potassium acetate are also effective in produc- 
ing sodium diuresis is illustrated by the experi- 
ments outlined in Tables I, II, and III. Subject 
V.N. (Table I) had been given intramuscular in- 
jections of highly purified ACTH gel, 40 interna- 
tional units daily, for a month by the time this study 
was begun and had presumably already passed 


When 


through the early sodium-retaining phase. 
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potassium chloride, 360 mEq. per day, was ad- 
ministered for six days, a very large loss of sodium 
occurred, Withdrawal of potassium chloride again 
permitted sodium retention. 

As shown in Table II, the natriuretic effect of 
neutral potassium phosphate (pH 7.0) may not be 
obvious when the salt is administered orally, per- 
haps because phosphate given orally in such large 
doses causes diarrhea, But natriuresis is readily 
apparent when the potassium phosphate is given 
parenterally. In subject N. C., the continuous 
intravenous infusion of 360 mq. of potassium in 
this form for a period of 15 hours resulted in a 
definite increase in urinary sodium. Similarly, 
as shown in Table V, the intravenous administra- 
tion of 180 mEq. of potassium phosphate (pH 7.5) 
to a patient with hypokalemia due to Cushing’s 
syndrome resulted in a striking sodium diuresis 
even though the serum potassium never reached 
normal levels. 

Inasmuch as potassium acetate, potassium chlo- 
ride, and potassium phosphate are all natriuretic 
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agents, it appears that an excess of the potassium 
ion per se may specifically induce sodium excre- 
tion. 

Is the sodium loss based upon an “osmotic diu- 
Subject R. Do. (Table III), while re- 


ceiving no corticotherapy, was given 720 milli- 


resis” ? 


osmols of potassium chloride in one day, and a 
definite sodium diuresis occurred. One week later 
he was given 720 milli-osmols of potassium acetate 
in one day, and a similar sodium diuresis occurred. 
Subsequently, while on the same regimen, he was 
given 1440 milli-osmols of urea in one day, and no 
It is apparent, there- 
fore, that the sodium diuretic efficacy of potassium 


sodium diuresis occurred. 


salts is not dependent upon their osmotic activity. 

Does sodium leave the body simply because it 
is displaced within the body by an alternative ca- 
tion, potassium? Figure 6 presents a comparison 
of sodium and potassium balances during a typical 
experiment. During the initial control period, the 
subject (R. D.) was in approximate sodium and 
Administration of ACTH 


resulted in a decrease in urinary excretion of so- 


potassium equilibrium. 
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TABLE I 


The effects of potassium chloride on urinary electrolytes 


Pt. V.N., No. 199815. White, female, 36 years. Dermatomyositis 


24-Hour urinary 


Na K 


Day 


1-30 ACTH daily 
31 ACTH-gel 40 Int. 
Units i.m. daily 
ACTH-gel 40 Int. 
Units i.m. daily 
ACTH-gel 49 Int. 
Units i.m. daily 
ACTH-gel 40 Int. 
Units 1.m. daily 
ACTH-gel 40 Int. 
Units i.m. daily 
ACTH-gel 40 Int. 
Units i.m. daily 


Treatment 


115 


ACTH-gel 40 Int. 
Units i.m. daily 
ACTH-gel 40 Int. 
Units 1.m. daily 
ACTH-gel 40 Int. 
Units 1.m. daily 
ACTH-gel 40 Int. 
Units 1.m. daily 
ACTH-gel 40 Int. 
Units i.m. daily 
ACTH-gel 40 Int. 


Units i.m. daily 


KCl, 27 Gm. 
orally, daily 
KCl, 27 Gm. 
orally, daily 
KCI, 27 Gm. 
orally, daily 
KCI, 27 Gm. 
orally, daily 
KCI, 27 Gm. 
orally, daily 
KCl, 27 Gm. 
orally, daily 


ACTH-gel 40 Int. 
Units 1.m. daily 
ACTH-gel 40 Int. 
Units i.m. daily 
ACTH-gel 40 Int. 
Units i.m. daily 
ACTH-gel 40 Int. 
Units i.m. daily 
ACTH-gel 40 Int. 
Units i.m. daily 
ACTH-gel 40 Int. 
Units 1.m. daily 


dium and a positive sodium balance, whereas the 
over-all potassium balance did not change. When 
large amounts of potassium acetate were adminis- 
tered, there was an initial phase of potassium reten- 
tion concurrent with a striking loss of sodium. 
However, during this initial phase the absolute 
magnitude of the sodium loss was much greater 
than the magnitude of the potassium retention. 
Thus, the sodium loss could only be partially ex- 
plained in terms of its displacement by potassium. 
It will be noted also that following the withdrawal 
of potassium acetate, the sodium retention was far 
greater in magnitude than the simultaneous potas- 
sium loss. This indicates that the administration 
or withdrawal of potassium influences the excretion 


I Cl 
(mEq.) (mEq.) (mEq.) (mM) 


95 


Serum Salivary 


Titr COe 


F at NHs 


(mEq.) (mM) 


30 


29 


of sodium to an extent which exceeds the direct 
exchange of one cation for the other. 

Does potassium cause an increase in sodium 
excretion by inhibiting the cation exchange mecha- 
Subject L. G. 
(Table IV ), who received ACTH in constant doses 


nism for acidification of urine? 


throughout the course of this study, was treated 
for six days with potassium acetate, 360 mEq. per 
day. During this six-day period the excretion of 
titratable acid ceased entirely, and the excretion 
of ammonia was sharply reduced. Presumably, 
complete inhibition of cation exchange in the re- 
nal tubules would result in a disappearance of titra- 
table acid and ammonia from the urine and an 


equivalent increase in urinary sodium (13). But, 
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TABLE II 


The effect of neutral potassium phosphate on urinary electrolytes 
Pt. N.C., No. 194889. White, female, 33 years. Disseminated lupus erythematosus 





Treatment 


24-Hour urinary 


Titr. ac. 
(mEq.) 


“NHa 


Na K cl P 
(mEq.) (mEq.) (mEq.) (mM) (mM) 





Hydrocortisone 20 mg. 
orally every 6 hours 
Hydrocortisone 20 mg. 
orally every 6 hours 
Hydrocortisone 20 mg. 
orally every 6 hours 
Hydrocortisone 20 mg. 
orally every 6 hours 
Hydrocortisone 20 mg. 
orally every 6 hours 


KH2PO, 12.2 Gm. 
K,HP, 23.5 Gm. 
(orally) 


Hydrocortisone 20 mg. 
orally every 6 hours 


Hydrocortisone 20 mg. 
orally every 6 hours 
Hydrocortisone 20 mg. 
orally every 6 hours 
Hydrocortisone 20 mg. 
orally every 6 hours 
Hydrocortisone 20 mg. 
orally every 6 hours 
Hydrocortisone 20 mg. 
orally every 6 hours 


KH,PO, 12.2 Gm. 
K,HP, 23.5 Gm. 
(intravenously) 


Hydrocortisone 20 mg. 
orally every 6 hours 


Hydrocortisone 20 mg. 
orally every 6 hours 
Hydrocortisone 20 mg. 
orally every 6 hours 


it will be noted that in this patient the absolute 
magnitude of the cation exchange performed by 
the kidneys during pre-potassium periods was not 
more than 65 mEq. per day (20 mEq. as titratable 
acidity plus 45 mEq. as ammonia). On the first 
day of potassium administration, the negative so- 
dium balance was approximately 160 mEq. per day. 
Therefore, even complete inhibition of the renal 
tubular cation exchange mechanism for acidifica- 
tion of the urine cannot account for the magnitude 
of the natriuretic effect of potassium if it is as- 
sumed that titratable acid-ammonia excretion is a 
valid measure of tubular H* — Na* exchange. 
Over-all changes in the excretion of electrolytes 
during administration of large amounts of potas- 
sium salts were studied in six subjects. Table I, 
II, and IV summarize data obtained in representa- 
tive studies of three subjects. These subjects had 
been receiving ACTH or hydrocortisone, and, by 
the time the study was initiated, had already passed 
through the initial phase of sodium retention and 


55 
58 
51 
52 


21 47 


22 46 
21 


25 


48 
45 


217 65 29 


80 45 


37 


37 
38 
53 
56 
47 


65 
72 33 
68 27 


62 24 


236 44 


47 
42 


45 
47 





were in approximate sodium equilibrium. Potas- 
sium chloride was given to one subject, potassium 
phosphate to the second, and potassium acetate to 
the third. All three subjects lost sodium initially 
when potassium was given, and all retained sodium 
after potassium was withdrawn. In all studies the 
pH of the urine increased during administration 
of potassium; this effect was most marked with 
potassium acetate and least marked with potassium 
phosphate. When potassium chloride or potassium 
acetate was given, urinary ammonia and titratable 
acidity became negligible, urinary phosphorus de- 
creased sharply, and urinary carbon dioxide-plus- 
bicarbonate increased markedly. With potassium 
phosphate, however, urinary titratable acidity-plus- 
ammonia actually increased. 

Interestingly, in most of these experiments loss 
of sodium was greater than loss of chloride when 
either potassium acetate or potassium chloride was 
used. For instance, in subject L. G. administra- 
tion of potassium acetate resulted in loss of both 
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TABLE III 


Comparison of the effects of urea and potassium salts on urinary electrolytes 


Pt. R. Do., No. 130120. White, male, 31 years. Gout 








Treatment 


Na 
(mEq.) 


24-Hour urinary 


—s one 
(mEq.) 


Titr. ac NH» 


K P NI N 
(mEq.) (mM) (mEq.) (mM) (Gm.) 





Fquilibration period 


Control period 
Control period 
Control period 
Control period 
Control period 


KCl, 27 Gm. orally 


Control period 
Control period 
Control period 
Control period 
Control period 
Control period 


K Acetate, 36 Gm. orally 


Control period 
Control period 
Control period 
Control period 
Control period 
Control period 


Urea, 85 Gm. orally 


Control period 
Control period 





sodium and chloride, but the magnitude of the so- 
dium loss was much greater than that of the chlo- 
ride loss. When subject V. N. was given potas- 
sium chloride, there was a net retention of both po- 
tassium and chloride, associated with a marked 
loss of sodium. Potassium phosphate, however, 
administered intravenously to subject N. C., re- 
sulted in loss of both sodium and chloride in ap- 
proximately equal quantities. 

Although the administration of potassium chlo- 
ride tends to correct the hypokaliemic alkalosis of 
Cushing’s syndrome (see Table I), the natriuretic 
action of potassium is not dependent upon the 
presence of either alkalosis or hypokaliemia. Of 
the present series of subjects, all of whom showed 
natriuretic responses to potassium, only two had 
hypokaliemic alkalosis (V. N. and C. K.). 

The urine is only one of many body fluids whose 
electrolyte composition is affected by adrenal ster- 
oids. The sodium-potassium ratio of saliva, for 
example, may be greatly decreased during treat- 
ment with ACTH or cortisone (14). Data pre- 


15 
15 
17 
17 
48 


23 
20 





sented in Table I show that in subject V. N., the 
very low salivary sodium-potassium ratio induced 
by ACTH was not modified by doses of potassium 
chloride which considerably altered the urinary 
It would appear, therefore, 
that potassium does not overcome the effect of 
ACTH upon the salivary sodium-potassium ratio 
at a time when it does modify the effect of ACTH 


electrolyte pattern. 


upon the urinary electrolyte pattern. 


DISCUSSION 


Potassium salts tend to reverse many of the ef- 
fects of adrenal steroids upon electrolyte metabo- 
lism. It is conceivable that part of the sodium loss 
which follows administration of potassium salts is 
a result of a readjustment of the intracellular elec- 
trolyte pattern, 1.e., increase in intracellular potas- 
sium and decrease in intracellular sodium. This re- 
adjustment would be most apt to occur in subjects 
in whom there had been a prior depletion of intra- 
cellular potassium, which could be induced by any 
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TABLE 


IV 


Effect of potassium acetate on urinary electrolytes 
Pt. L. G., No. 129686. White, female, 33 years. Rheumatoid arthritis 


Treatment 


ACTH -gei 40 Int. Units 
i.m. daily 

ACTH -gel 40 Int. Units 
i.m. daily 

ACTH -gel 40 Int. Units 
im. daily 

ACTH-gel 40 Int. Units 
i.m. daily 

ACTH-gel 40 Int. Units 
i.m. daily 

ACTH -gel 40 Int. Units 
i.m. daily 

ACTH-gel 40 Int. Units 
i.m. daily 

ACTH-gel 40 Int. Units 
i.m. daily 

ACTH -gel 40 Int. Units 
i.m. daily 

ACTH -gel 40 Int. Units 
i.m. daily 

ACTH -gel 40 Int. Units 
i.m. daily 

ACTH-gel 40 Int 
i.m. daily 

ACTH -gel 40 Int. 
i.m. daily 

ACTH-gel 40 Int. 
i.m. daily 


KAc, 36 Gm. 
orally, daily 
KAc, 36 Gm. 
orally, daily 
KAc, 36 Gm. 
orally, daily 
KAc, 36 Gm. 
orally, daily 
KAc, 36 Gm. 
orally, daily 
KAc, 36 Gm. 
orally, daily 


Inits 
nits 


Inits 


of a number of factors, including corticotherapy. 
On the other hand, part of the sodium loss which 
occurs when potassium acetate or potassium chlo- 
ride is administered appears to result from a di- 
rect action of potassium upon the renal tubules. 
Berliner, Kennedy, and Orloff (15) have postu- 
lated that such an action is in the nature of inhibi- 
tion of the tubular mechanism by which H* ions 
are excreted in exchange for Na‘ ions, If it is as- 
sumed that titratable acid-ammonia excretion is a 
valid measure of tubular Ht — Na* exchange, then 
two lines of evidence indicate that this mechanism 
cannot account for the entire sodium loss which fol 
lows administration of potassium. First, excretion 
of titratable acid and ammonia may be regarded as 
one means of conserving an equivalent amount of 
sodium. Theoretically, complete suppression of the 
mechanism for excreting titratable acid and am- 
monia should result in an equivalent increase in 
sodium excretion. Several of the balance studies 
showed, however, that the total amount of titra- 
table acid-plus-ammonia excreted during control 
periods is much less than the sodium loss observed 


24-Hour urinary 


Pp Titr. ac. 
(mM) (mEq.) 


Na K Cl 
(mEq.) (mEq.) 


(mkq ) 


54 ~2~—soO98 64 22 21 





70 92 22 13 
48 83 17 
63 83 


353 


during administration of potassium. Therefore, 
even complete suppression of titratable acid-am- 
monia excretion could not account for all of the 
actual sodium loss. Second, excretion of titratable 
acid-plus-ammonia became increased when potas- 
sium phosphate was administered. Here, there 
was no reason to believe that the sodium conser- 
vation mechanism under question was suppressed. 
Nevertheless, the fact that a marked sodium loss 
did occur suggests that there is more involved 
in potassium-induced natriuresis than suppression 
of fixed-base conservation mechanisms. In short, 
to the extent that potassium does inhibit Ht — Na* 
exchange in the renal tubules one may expect a re- 
sultant natriuresis; however, potassium also in- 
duces natriuresis under conditions in which Ht — 
Na* exchange might be occurring at a normal or 
even increased rate. 

On the other hand, it could be assumed that the 
quantity of H* ion appearing in the urine either as 
titratable acid or with ammonia does not actually 
represent the total amount of tubular H* — Na’ 
exchange but only a minor fraction thereof. This 
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Note that the negative sodium balance (black area) is substantially greater 
than the positive potassium balance (white area) during the first two days of 
potassium administration. 


TABLE V 


Effect of potassium phosphate (pH 7.5) on urinary and serum electrolytes 
Pt. C. K., No. 81625. White, female, 30 years. Cushing’s syndrome 


24-Hour urinary Serum 
K Cl id Titr.ac. NHs 
Treatment (mEq.) (mEq.) (mM) (mEq.) (mM) 


None 7 #% 32 #8 «68 “140 2.8 92 35 
None 94 103 33 8 60 
None 5! 93 69 24 12 45 95 36 


Na K Cl COs 
mEq./L mEq./I mEq.(/L. mEq./L 





Time 


KH2PO, 2.0 Gm. Ohr. 14, } 94 36 
K»HPO, 15.0 Gm. 4 hr. 3. 91 35 
(Intr ivenously 194 240 : 12 hr. : 92 
fron: 0 to 16 hrs.) 24 hr. a3 94 


None <1—(O92tttsi«iKD 4: 
None <1 91 82 i 3. 92 














1206 


disparity might occur if, as a result of cation ex- 
change, bicarbonate is converted to carbonic acid. 
The carbonic acid to some extent would become 
converted to H,O and CO,; the CO, would tend 
to diffuse back into the body, thus escaping meas- 
urement as titratable acid in the urine. If one ac- 
cepts this assumption, then the action of potassium 
in suppressing H* — Na’ exchange could easily 
account for the entire sodium diuresis observed in 
these studies. 

In any case, in all experiments cited in this re- 
port the amount of sodium lost under the influence 
of potassium salts could be accounted for by a 
summation of two effects: 1) displacement of body 
Na’ by K’*, plus 2) suppression of renal tubular 
H* — Na* exchange. 

The complication of sodium retention and po- 
tassium depletion becomes of clinical significance 
only when cortisone or ACTH is employed in rela- 
tively large doses (e.g., 100 mg. or more of corti- 
sone daily) and for a relatively long period (e.g., 
more than one week). When doses greater than 
this are given and dietary salt is not restricted, a 
potassium supplement of 200 mEq. or more per day 
is ordinarily sufficient to prevent sodium retention. 
Although such doses of potassium frequently cause 
abdominal cramps or nausea in untreated subjects, 
even larger amounts are usually well tolerated by 
subjects receiving corticotherapy. In practice it 
is best to divide the supplement of potassium into 
several small doses to be taken throughout the day. 


SUMMARY 


The oral administration of large doses of either 
potassium chloride or potassium acetate to human 
subjects consistently results in a diuresis of sodium. 
The degree of sodium diuresis is greater in sub- 
jects in whom sodium retention has been induced 
by ACTH or cortisone than in untreated subjects. 
The administration of potassium chloride and po- 
tassium acetate results in a decrease of urinary 
phosphate, ammonia, and titratable acid and an in- 
The 


increase in urinary sodium is proportionately much 


crease in urinary bicarbonate and chloride. 


greater than the increase in urinary chloride. Neu- 


tral potassium phosphate, administered intrave- 


nously, causes sodium and chloride diuresis, with- 
out causing a decrease in urinary titratable acidity- 


plus-ammonia. It is suggested that two possible 


GRANT W. LIDDLE, LESLIE L. BENNETT, AND PETER H. FORSHAM 


mechanisms may account for the natriuretic effect 
of potassium salts: 1) displacement of body Na* 
by K*, and 2) suppression of renal tubular H* — 
Na* exchange. Sodium retention due to thera- 
peutic doses of cortisone or ACTH can be consis- 
tently prevented by the daily administration of 
200 mEq. or more of potassium. 
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The origin, physiological role, and metabolism 
of the serum polysaccharides are largely unknown, 
and their relationship to changes which occur in 
connective tissue is not yet firmly established. The 
occurrence of polysaccharide material in connective 
tissue has been amply demonstrated by isolation 
and histochemical methods. Using histochemical 
methods, an increase of polysaccharide in connec- 
tive tissue has been noted in many diseases of 
connective tissue including rheumatic fever, rheu- 
matoid arthritis, and disseminated lupus erythy- 
matosus. Ehrich (1) has recently reviewed the 
present knowledge of this field. The presence of 
increased concentrations of polysaccharides in the 
sera of patients suffering from rheumatic fever 
(2) and rheumatoid arthritis (3) suggests a pos- 
sible relationship between serum and tissue poly- 
saecharides in these diseases. Ludwig, Boas, and 
Soffer (4) demonstrated a possible relationship of 
connective tissue to serum polysaccharide by show- 
ing that an elevation of both the hexosamine of 
retrobulbular tissue and plasma hexosamine oc- 
curred in thyroidectomized guinea pigs after ad- 
ministration of thyrotropic hormone. Catchpole 
(5) suggests that increased circulating glycopro- 
teins in the blood of tumor animals arise from the 
ground substance at the site of the invasive growth 
by a process of depolymerization of tissue glyco- 
protein. The present study is a more complete 
analysis of the characteristics of these serum com- 
arthritis, certain other 


ponents in rheumatoid 


mesenchymal diseases, and degenerative arthritis, 


permitting evaluation of the use of serum polysac- 


charide concentration as a diagnostic aid in differ- 
entiating these diseases. 


METHODS 


The patients described were seen in the arthritis clinic 


of the University Hospitals. Serum albumin, pseudo- 


», 1953; accepted August 3, 1953) 


globulin, and euglobulin were fractionated by a modified 
method of Milne (6) using 21.5 per cent and 268 per 
cent sodium sulfate. Albumin was assumed to be that 
portion of serum protein which was not precipitated by 
26.8 per cent sodium sulfate; euglobulin, that portion 
which precipitated with 21.6 per cent sodium sulfate; and 
pseudoglobulin, the difference between the portion pre- 
cipitated by 26.8 per cent and that precipitated by 21.5 per 
cent sodium sulfate. Kingsley’s method (7) using ethyl 
ether for the separation of globulin fractions was used for 
both levels of sodium sulfate. The biuret reagent as de- 
scribed by Weichselbaum and Shapiro (8) was used for 
the determination of the total serum protein and protein 
fractions. Mucoprotein was precipitated from sera by the 
method of Winzler, Devor, Mehl, and Smyth (9). The 
hexose components of the polysaccharides of each frac- 
tion were determined by the tryptophan method of Shet 
lar, Foster, and Everett (10). As hexosamine does not 
develop color with tryptophan in this reaction, the method 
allows an estimate of polysaccharide components other 
than hexosamine. For simplicity, results obtained by this 
method will be referred to as “polysaccharide” in this 
paper. ‘Y-globulin was determined by the method of Jager 
and Nickerson (11). 
tion rates (Wintrobe) were conducted by the clinical lab- 
oratories of the University Hospitals. The clinical diag- 
nosis was established after several visits to the arthritis 


One hour erythrocyte sedimenta- 


clinic where the patient was studied by at least two of the 
clinical members of the staff. Cases of rheumatoid arthri- 
tis were classified as (a) active, if evidence of both joint 
deformity and moderate or severe joint activity was noted; 
(b) inactive, if joint deformity, but no activity was pres- 
ent; and (c) early (mild), if no joint deformity, but 
mild activity was noted 
RESULTS 

Serum polysaccharides 

Data resulting from the analysis of tote] serum 
polysaccharide and mucoprotein are presented 
graphically in Figure 1. The elevation of serum 
polysaccharide may be due simply to an increase in 
serum protein or to an increase of one or more 
polysaccharide rich protein fractions. To correct 
for this effect, polysaccharide contents of each frac- 
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ToTAL AND MucoproTEIN POLYSACCHARIDES OF SERUM IN NORMAL SuBj ke TS AND IN PATIENTS WITH DEGEN 


ERATIVE JOINT DISEASE AND WITH RHEUMATOID ARTHRITIS 


Polysaccharide components exclusive of hexosamine expressed as milligrams per 100 ml. of serum are shown as 


open circles, while the polysaccharides expressed as a percentage of serum protein are shown as closed circles. 


Mu- 


coprotein polysaccharide exclusive of the hexosamine is expressed as milligrams per 100 ml. of serum and shown as 


open circles with a black center. 


tion are expressed as percentages of the corre- 
sponding protein components and summarized in 
Table I. 

In a preliminary experiment, a known amount 
of mucoprotein * isolated by the method of Winzler, 
Devor, Mehl, and Smyth (9) was added to an ali- 
quot of previously analyzed human seruin. The 
serum was then fractionated with 26 per cent so- 
dium sulfate as described above. Results were as 
follows in mg. per 100 ml. of serum: 

Polysaccharide of 


Muco 
protein 


Pseudo 


Total Albumin — globulia 


108 25 17 12 
125 42 20 30 
17 17 3 18 


~ 2 Supplied by Dr. Richard J. Winzler, Department of 
Biological Chemistry, Univ. Illinois College of Medicine. 


Serum 
Serum + Mucoprotein 


Difference 


The square in each group represents the average figure for the group 


Apparently in the fractionation procedure with so- 
dium sulfate as described above most of the muco 
protein is included in the albumin fraction. Con- 
sequently, results for the albumin polysaccharide 
were corrected by subtracting the mucoprotein 
polysaccharide from the original results. 

The data were subjected to statistical analysis 
using the “t” test, where 


a a | 
— X; and Xe 
— 
are means of the two groups being compared, and 
S.E. is the standard error of the difference of two 
means. For groups of 28 or more, the standard 


error was calculated by the formula: 


—— a;" oy 4 
S.E. = (< { N; ) 





SHETLAR, PAYNE, BULLOCK, PATRICK, HELLBAUM, AND ISHMAEL 
TABLE I 


Percentage* of serum polysaccharide in serum protein fractions 











Polysaccharide of 


Total protein Albumin Pseudogiobulin ~ Muc oprotein , Corrected albumin 

Average S.E. Average S.E. Aveune S.E. Average S.E. Average S.E. 
1.71 0.65 2.89 12 0.40 

(1.48-1.95) .021 (0.45-0.82) .017 (1.89-4.22) 0.11 (8-18) 0.8 (0.28-0.55) .07 


Normal 





Aged normal : 1.79 —_ vo a os 
(1.62-2.06) .025 


Degenerative 1.85 0.77 2.88 13 0.47 
joint disease (1.59-2.15) .023 (0.56-1.10) . (1.84-4.15) 0. (6-16) 0. (0.20-0.72) 


Rheumatoid ar- 2.57 1.38 4.14 22 0.74 
thritis, active (2.09-3.56) .051 (0.72-2.73) . (1.80-7.74) (11-47) 1. (0.41-1.47) 


Inactive : 1.82 0.65 3.42 12 0.34 
(1.70-1.92) .032 (0.59-0.77) . (2.73-4.30) (12-13) 0. (0.30-0.37) 


Early 2.03 0.77 3.20 15 0.43 
(1.70-2.27) .067  (0.55-0.97) . (2.70-4.40) 0. (9-20) 1.3 (0.28-0.62) 


Rheumatoid 1.90 0.68 3.50 14 0.35 
spondylitis (1.52-2.29) .061 (0.48-0.92) . (2.57-4.80) (9-19) 0. (0.26-0.44) 


Mixed arthritisf 2.15 9.93 4.96 14 0.58 
(1.71-2.57) .092 (0.80-1.04) . (3.33-6.35) 0. (11-16) 1. (0.55-0.56) 


Gout, active 2.65 1.30 3.13 22 0.86 
(2.44, 2.85) (1.35, 1.45) (2.20, 4.06) (20, 25) (0.85, 0.87) 

Gout, inactive 2.04 0.77 3.80 15 0.43 

(1.91-2.17) (0.60-0.89) (3.00-4.76) (11-19) (0.25-0.52) 


Psychogenic 0.67 3.30 12 0.43 


: 1.72 
rheumatism (1.57-1.99) (0.60-0.74) (2.47-4.56) (8-18) (0.27-0.53) 


Dermatomyositis 


1.83 0.68 3.54 11 0.42 
(1.77-1.91) (0.68-0.69) (3.16-3.93) (10-12) (0.40-0.52) 


Lupus erythe- 3.: 2.30 5.08 24 


matosus 


Periarteritis 0.91 3.40 13 
nodosa 


Weber Christian mk 0.81 3.38 


Disease 





* Polysaccharide of each protein fraction expressed as a percentage of the corresponding protein component. Hex- 
Osamine component of the polysaccharide complex is not included. 
Both rheumatoid arthritis and degenerative joint disease present. 


where o, and o, are standard deviations for the two _ sera of patients (aged 8 to 76) with active rheuma- 
groups and N, and N,, the number of cases in the toid arthritis. ‘When compared to the patients 
respective groups. When less than 28 cases were with degenerative joint disease, highly significant 
in either group the following formula was used: differences between the two groups were noted in 
. ; eae _— all factors. When the degenerative joint disease 

S.E. = ( - Ni + Na )'( Nia’ + Nios , group (aged 28 to 59) was compared to the nor- 
Ni + Ns — 27 \ NiNa mal group (aged 18 to 45) a significant elevation 

The results of this statistical analysis are sum- of total and albumin polysaccharide was noted in 
marized in Table IT. the group with degenerative joint disease. How- 
An increase of total albumin, pseudoglobulin, ever, when compared to a group of aged normals 
and mucoprotein polysaccharide was noted in the (over 60 years) no significant differences were 
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TABLE II 


Summary of statistical comparisons—t values 





Comparison 








Rheumatoid A. vs. Degenerative joint disease 
Normal vs. Degenerative joint disease 

Aged normal vs. Degenerative joint disease 
Normal vs. Rheum. spondylitis 


Normal vs. Inactive rheumatoid arthritis 2.04 





* Polysaccharide of each fraction expressed as a 


3.58t 


Percentage polysaccharide* of 
Corrected 
albumint 


Muco 
protein 
7.22t 
0.47 


Pseudo 
globulin 


940t  6.04t 
3.25t 


Albumin 


5.22t 
1.37 


0.71 
0.07 


1.31 1.18 


percentage of the corresponding protein component. 


t Percentage of polysaccharide in the protein fraction after correction for the mucoprotein. 


t Significant at the 1 per cent level. 


noted. The rheumatoid spondylitis group (aged 
20 to 49) was found to have serum polysaccharide 
levels which were usually within the normal range, 
although all of this group were in an active phase 
of the dis2zase. However, considered as a group, 
significant elevations of total and pseudoglobulin 
polysaccharide occurred in the rheumatoid spon- 
dylitis group. A significant elevation of pseudo- 
globulin polysaccharide occurred in the patients 
with inactive rheumatoid arthritis but no other 
significant differences in this group were noted. 
Elevations of serum polysaccharides occurred in 
active gout and disseminated lupus erythematosus, 
although the number of cases studied was too 
small to be analyzed statistically. A doubtful ele- 
vation was noted in the one case of Weber Chris- 
tian Disease, while essentially normal values were 
found in patients with psychogenic rheumatism, 
dermatomyositis, and periarteritis nodosa (Table 


I). 


TABLE 


Serum proteins 


Summary of the fractionated protein values for 
patients with rheumatoid arthritis, rheumatoid 
spondylitis, and degenerative joint disease are 
given in Table III. These results were treated 
statistically by the “t” test as described above. 
Changes were observed in serum proteins as de- 
termined by salt fractionations in rheumatoid ar- 
thritis patients similar to those previously reported 
(12). Both 


pseudo-(a-globulin) and y-globulin were found to 


using electrophoretic techniques 
be significantly increased, while albumin was de- 
creased, Smaller but significant elevations of 
y-globulin were also noted in the patients with 
rheumatoid spondylitis and with degenerative joint 
disease. These results are similar to those reported 
by Effersoe (13) using a polyfractionation salting- 
out method with ammonium sulfate. 


Summary of the serum protein* fractions of arthritis patients as determined by salt fractionation 


Albumin 


Howe 


Total 


A/G ratio 


Milne Pseudoglobulin y-Globulin Howe Milne 





Normal 7.08 


(6.50-7.73) 


5.04 
(4.47-5.62) 


Rheumatoid 
arthritis, active 


7.46t 
(6.13-8.74) 


4.69 
(3.44—-5.56) 


Degenerative 
joint disease 


7.15 
(6.16-8.34) 


4.94 
(4.22~5.82) 


Rheumatoid (evs 
spondylitis (6.74-8.82) 


5.30 
(4.82-6.08) 


* Expressed as grams of protein per 100 ml. of serum. 


31 0.73 


4. 2.47 1.55 
(3.43-5.07)  (.45-1.04) 


0.92 
(.58-1.55) 
1.71 


3.78t 1.03 


(2.36-4.63) 


0.91f 
(.56-1.59) 


1.87¢ 
(.81-4.01) 


0.85 
(.$1-1.12) 


1.344 
(.67-2.18) 
17t 
2.01) 


4.09 
(3.02-4.82) 


4.59 
(3.89-5.44) 


0.71 


1 
(.57-.93) GIF 


f Significantly higher at the 1 per cent level than the corresponding normal value. 
t Significantly lower at the 1 per cent level than the corresponding normal value. 
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Sedimentation rates tion. According to these postulates, both inflamma- 
tion and tissue proliferation occur in many rheuma- 
toid arthritis patients, as 20 out of 43 patients had 
elevations above the highest normal levels in both 
albumin and pseudoglobulin polysaccharide com- 
ponents. Only one of 32 patients in the degenera- 
tive arthritis group was high enough in total poly- 
saccharide to fall within the range of the rheuma- 
toid arthritis group; however, eight of this group 
had elevated albumin polysaccharide levels and 
five had elevated pseudoglobulin polysaccharide 
levels. The uniformly elevated serum polysac- 


A summary of erythrocyte sedimentation rates 
for patients with rheumatoid arthritis, spondylitis, 
and degenerative joint disease is given in Table 
IV. Sedimentation rates were generally elevated 
in the rheumatoid arthritis patients; many of the 
patients with degenerative joint disease also had 
elevated sedimentation rates. In order to deter- 
mine if sedimentation rate and serum polysac- 
charide concentration reflect similar disease proc- 
esses in rheumatoid arthritis, the correlation coeffi- 
cient between these two factors was determined. 
A correlation coefficient of 0.24 was found between 
the percentage of polysaccharide in serum protein 
and the sedimentation rate in patients with rheuma- 
toid arthritis. This coefficient is not statistically 
significant, that is, it is not significantly different 
from 0. Thus, no quantitative relationship ap- 
pears to exist between these factors in this series. 
This finding recalls the observation of Seibert, Comparative polysaccharide studies were made 
Seibert, Atno, and Campbell (14) to the effect that on the sera of patients with rheumatoid arthritis 
serum polysaccharides do not significantly corre- and degenerative joint disease. A limited number 
late with sedimentation rates in a series composed of patients with other collagen diseases and with 
largely of patients with tuberculosis. other joint diseases were also studied. The tryp- 

tophan method was used to determine the polysac- 


charide level in rheumatoid arthritis suggests that 
this assay might be of value as an objective test 
for evaluating the degree of activity in patients with 
rheumatoid arthritis. This possibility is currently 
under investigation. 


SUMMARY AND CONCLUSIONS 


DISCUSSION charide components other than hexosamine of the 
Variation in serum polysaccharides in different total serum protein, albumin, pseudoglobulin, and 
mucoprotein. 


mesenchymal diseases is somewhat difficult to 
Elevations of the polysaccharide of the total pro- 


evaluate. It seems likely that an elevation of serum 
polysaccharide may be correlated with either tis- 
sue injury, tissue proliferation or both. Shetlar were found consistently in the sera of patients with 
(15) has suggested that an elevation of polysac- rheumatoid arthritis, but not in those with degen- 
charide in the pseudoglobulin and mucoprotein erative joint disease. The polysaccharide con- 
fraction correlates with tissue injury and that an _ tent of the pseudoglobulin fraction was found to be 
elevation of albumin polysaccharide (after correc- elevated in inactive rheumatoid arthritis, while 
tion for mucoprotein) is related to tissue prolifera- other components were unchanged. No significant 


tein, albumin, pseudoglobulin, and mucoprotein 


TABLE IV 


Comparison of serum polysaccharide values with erythrocyte sedimentation rates 


Erythrocyte sedimentation rate* 
(Wintrobe) 


No. of Number 
cases Polysaccharidet Average Range elevated} 


Degenerative joint disease 28 1.85 26 5-46 20 
Rheumatoid arthritis 
Active 62 2.57 40 : 58 
Early 9 2.03 27 7 
Rheumatoid spondylitis 13 1.90 : : 9 


* Expressed in millimeters per hour. 
Percentage of polysaccharide not including hexosamine components found in serum protein. 
Number of patients with sedimentation rates above 15 millimeters per hour. 
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correlation between erythrocyte sedimentation rate 
and the polysaccharide percentage of serum protein 
was found in rheumatoid arthritis patients. 

Elevations of serum polysaccharides were found 
in two cases of active gout and in one case of lupus 
erythematosus, while essentially normal levels 
were noted in a limited number of patients with in- 
active gout, dermatomyositis, periarteritis nodosa, 
and Weber Christian Disease. The use of the de- 
termination of serum polysaccharide as a diagnostic 
aid to distinguish degenerative joint disease from 
rheumatoid arthritis is suggested. 
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It has long been hoped that a carbohydrate com- 
pound could be found which would be utilized ef- 
fectively in diabetes mellitus without the aid of in- 
sulin. Many different hexoses and carbohydrate 
intermediaries have been tried. However, owing 
to enzymatic activity in the intestinal mucosa and 
liver, most of these are converted to glycogen and 
the net result, in most instances, is comparable to 
giving similar amounts of glucose (1). Of the 
hexoses other than glucose, fructose has shown the 
most promise. The metabolism of fructose differs 
significantly from that of glucose, despite close 
similarity in chemical structure. Glucose enters 
cells by phosphorylation to form glucose-6-phos- 
phate, under the influence of glucokinase. Insu- 
lin is necessary to activate this reaction. Fructose 
enters cells by phosphorylation to form fructose 
phosphate, under the influence of fructokinase, 
which does not require activation by insulin (2). 
One of the blocks in carbohydrate metabolism in 
diabetes mellitus is the phosphorylation of glucose 
(3). 


and phosphatase, are intact, even in severe diabetes 


Other enzyme systems, hexose isomerase 
mellitus with ketosis. Fructose should, then, cir- 
cumvent one of the blocks in carbohydrate metabo- 
lism in this disease, 

Miller and others (4, 5,6) have shown that fruc- 
tose, when administered intravenously, is removed 
from the blood as rapidly by the diabetic in the ab- 
If fruc- 


tose could be utilized by patients in diabetic ketosis, 


sence of insulin as by the normal subject. 


at a time when glucose utilization is reduced to a 
minimum, carbohydrate metabolism would be re- 
stored, with a resulting decrease in hepatic ketone 
body production, decreased ketonemia, and correc- 


1 Presented at the Forty-fifth Annual Meeting of the 
American Society for Clinical Investigation, Atlantic City, 
N. J., May 4, 1953 

2 This work was aided by a research grant from the 
U. S. Public Health Service 

3 Work done in part during the tenure of a U. S. Public 


Health Service Fellowship. 
* Major, Medical Corps, U. S. Army 


tion of the disturbance in acid-base equilibrium. 
Fructose might also serve as a convenient vehicle 
for the administration of water. The purpose of 
the following study was to determine whether the 
intravenous administration of fructose has any ad- 
vantages over the similar use of glucose (7) in 
the treatment of diabetic ketosis. 


EXPERIMENTAL PROCEDURE AND METHODS 


Eleven studies have been carried out on five male and 
five female patients, ranging in age from 16 to 60 years. 
One patient was treated on two separate occasions. All 
had the usual clinical and chemical signs of diabetic ke- 
tosis. In seven studies there was severe, and in four mild, 
ketosis. 

The studies were divided into two groups. In the first 
group of four patients, the effects of the intravenous in- 
jection of fructose5 and glucose early in the course of 
treatment of patients with diabetic ketosis were deter- 
mined. An initial sample of venous blood was obtained 
for measurement of electrolytes and blood glucose. 

An intravenous infusion of 0.9 per cent NaCl was 
started and regular insulin was given subcutaneously. 
Twenty-five Gm. of fructose as a 25 per cent solution 
were injected intravenously in 10 minutes. Samples of 
venous blood were obtained every 10 to 15 minutes for 
two hours after the administration of fructose and ana- 
lyzed for glucose and fructose. Two of these patients re- 
ceived 25 Gm. of glucose intravenously as a 25 per cent 
solution in 10 minutes, one before and one after the ad- 
ministration of fructose. For comparison, 25 Gm. of fruc- 
tose were given in a similar manner to two normal male 
subjects in the post-absorptive state. 

In the second group of seven studies on six patients, 
larger amounts of fructose were used with insulin and 
electrolyte solutions in the treatment of diabetic ketosis. 
The fructose was given as an isotonic solution, 2.5 per 
cent fructose in 0.45 per cent NaCl. 
made by mixing equal quantities of isotonic fructose and 
saline solutions. Insulin was started at the same time 
as the infusion in five of the seven studies. In order to 
determine the effect of fructose administration without 
insulin, two patients with mild ketosis did not receive 


This solution was 


insulin until after they had received 50 Gm. of fructose. 
Three to nine liters of the fructose-hypotonic saline 


solution were infused. After the termination of these in- 


5 The fructose used in these studies was supplied by E. R. 
Squibb and Sons 
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TABLE I 





Analytical data, blood and serum, for patients with diabetic ketosis receiving 2.5 per cent fructose in 0.45 


per cent NaCl 





Blood 


Patient 


Age 


Glu Fruc 


cose 


Study* 
no. 


tose 


Serum 


Total 
hexoset 


Total 
ketones Na kK cl 





mg./ meg 
100 ce. 100 « 


488 0 
394 55 
263 33 
184 0 


B38119 
? 50 


337 0 
300 
260 
244 
192 


214 


41 
44 
60 


B28609 
a 16 


443 


469 
285 
176 


A66992 
g 47 


392 
208 
113 


B55316 
9 58 


286 
334 
212 
ETT 


B30072 
9 32 


449 
508 
147 


B30072 
9 32 


~ 


1780 
1375 
1045 
854 
561 
383 
286 
56 


Com ONAN 
wlanorwo 


/ 


c, 





* Study No. Infusion 6.0 liters 2.5% fructose 
Infusion 4.8 liters 2.5% fructose 
Infusion 4.0 liters 2.5% fructose 
Infusion 3.0 liters 2.5% fructose 
. Infusion 4.0 liters 2.5% fructose 

6a. Infusion 5.0 liters 2.5% fructose 

6b. Infusion 9.0 liters 2.5% fructose 
t Insulin therapy started. 


1 
ze 
a 
4 


: 


t The osmotic contribution of the serum total hexose (mM/L.) = 


in 0.45% NaCl. 

in 0.45% NaCi. 1. 
in 0.45% NaCl. 0.. 
in 0.45% NaCl. 
in 0.45% NaCl. 
in 0.45% NaCl. 
in 0.45% NaCl. 


mEq./ mEq 
L 1 


mM, 
L 
18 
14 


mM 
pe 


16 3.6 102 
3.8 110 
3.9 113 


3.7 103 


131 


6. 
5. 
- 4, 
0.5— 7.0 Hrs. 
0.0- 3.6 Hrs. 
0.0-15.8 Hrs. 
0.8-18.3 Hrs 


Hrs. 
Hrs. 


I 
3 
8 Hrs. 


Blood total hexose (mg./100 ec.) * 10 
360 K 0.85 i 


§ Italics indicate observations after the infusion of fructose hypotonic saline solution. 


fusions, the patients received further infusions of saline, 
glucose, fructose, and oral fluids until they could be main- 
tained on oral intake completely. Potassium chloride was 
added to the fructose-hypotonic saline solution in five of 
the seven studies. Four patients received oral as well as 
parenteral fluids during the infusion. The electrolyte and 
carbohydrate content of these fluids, as determined from 
standard food tables (8), are included in the balance data. 

Samples of venous blood were obtained before and at 


intervals during the infusion of the fructose-hypotonic 
saline solution. A blood sample was obtained at the end 
of the infusion in all but one study. In the first six stud 
ies, a sample of venous blood was obtained several hours 
after the termination of the fructose-hypotonic saline solu 
tion. Urine was collected from the start of treatment 
An indwelling catheter was used once; the remainder of 
the urine specimens were voided. The balance periods out 
lined in Tables II and III began at the time of the initial 
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TABLE II 


Intake and excretion in urine for patients with diabetic ketosis receiving infusion of 2.5 per cent fructose in 0.45 per cent NaCl 


Intake 


Study Oral 


Excretion in urine 


LV 


Total 


Glu 


no 


Duration 


Hours l 


0 
0 
0 


sulin 


‘nits 


200 


88 
150 
100 

50 
125 
480 
100 

0 


HO 


~ 


Nw oSewe on = 


=~ 
x 
~ 


N hNe 


reo 


~——~ = 


~~ 


Na 


mEq 
398 
370 
393 
231 
308 
385 
299 
212 
183 


Ci sugar* fructose 


mq 
445 
450 
473 
231 
308 
425 
299 
264 
211 


Gm 
0 
0 

22 

11 
0 
0 
0 
0 
0 


HO Na K NHs Cl ketones = cose 


Liters mEq. mEq. mEq. mEq 
62 28 45 
16 17 24 
59 41 39 25 
63 45 31 26 
18 6 9 
98 62 74 53 
21 15 26 14 
0.8 13 7 11 9 
0.6 8 9 18 13 


mM 
58 
27 
84 
71 
29 

128 
39 

18 
12 


Gm 
129 3 
) 


120 ( 22 


_ un 


~ 


= 
m 

3 
5 
6 


-) 
Mat OD Oo w Ww 


wooe NN) 


m ND 
_ 


* Carbohydrate drinks, chiefly sucrose. 


blood sample, and terminated at the end of the infusion 
the 
urine collection periods did not coincide with the beginning 


of the fructose-hypotonic saline solution. Some of 


and end of the balance periods. Appropriate corrections 
have been made to include only the proper fraction of the 
total urine. 

Serum was analyzed for sodium, potassium, chloride, 
carbon dioxide content, and total protein; blood for total 
hexose, fructose, and total ketones; urine for sodium, po 
chloride, total ketones, total 
Total hexose of whole blood was determined 


tassium, ammonia hexose, 
and fructose 
by the method of Nelson (9), using zinc filtrates (10), and 
in the urine by the method of Somogyi (11). Fructose 
was determined in zinc filtrates of whole blood, and in 


urine by the method of Schreiner (12) in the first group 


Study 
no rime 
Hours 

1 0 

2.9 


0 
5.3 


0 
4.9 


7.0 


0 
3.5 


13.0 


0 

6.0 

9.6 
18.3 


TABLE 


of studies, and by the method of Kendrick (13) in the 
Glucose was computed as the difference 
Total ketones in blood 
and urine were determined by Michaels’ modification of 
Other meth- 
ods were identical with those previously reported from 
this laboratory (15, 16, 17). 

Balance data were calculated by methods previously re- 
ported from this department (18, 19), and by Darrow 
(20). 
for the balance of cellular nitrogen 


second group. 
between total hexose and fructose. 


the method of Greenberg and Lester (14). 


Cellular transfers of potassium were not corrected 
In calculating the 
water balance, an allowance of 1 cc. per minute was made 

No adjustment was made for the wa- 
No corrections have been made for the 


for insensible loss. 
ter of oxidation. 
small amounts of electrolytes lost in the removal of blood 


External, extracellular and intracellular balances for patients with diabetic ketosis receiving 
infusions of 2.5 per cent fructose in 0.45 per cent NaCl 


xtra 
cellular 
volume 


Liters 
7.3 


(10.0) 


8.4 
(11.6) 


5.9 
(8.7) 


+ 
t 
+ 


External balance 


Na 


mEq 


+336 


+354 


+334 


+168 


+290 
+287 
+278 


+199 
+-175 


kK 


meg 


+19 


+-63 


+49 


—40 


—15 
+45 
+19 


Cl 


mEq 


+400 


+426 


+448 


+- 203 


+299 


+372 


+285 


+198 


Sugar 


Gm 


t 
+255 + 
t 


Extracellular balance Intracellular balance 


HO Na K HO Na kK 
mEq mEq. 


Liters mEq mig Liters 


+2.7 +265 +19 +0.8 4 


+357 12 +0.7 


+0.5 


45 


3 
38 
44 


+0.9 
+0.3 
—0.1 


+204 —3! 
+230 


+1. 
HI. ¢ 
ri. +180 + 


* Calculated from changes in chloride balance, forward or backward, from an assumed extracellular volume (desig- 
nated by parentheses) of 20 per cent of body weight. 
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samples, nor in the sweat. Owing to the brevity of the 
balance periods, and the large transfers involved, the er- 
rors introduced by these assumptions are negligible. 


RESULTS 
A. Intravenous fructose and glucose (Figures 1 

and 2) 

The effects of the intravenous injection of fruc- 
tose in four patients with severe diabetic ketosis, 
and in two normal subjects, are illustrated in Fig- 
ure 1. 
at comparable rates in both the patients with dia- 
betic ketosis and the normal subjects. The in- 
crease in blood glucose was greater in patients 
with diabetic ketosis than in normal subjects. In 
Figure 2 the effects of intravenous fructose and 
glucose in two patients with diabetic ketosis re- 


The fructose disappeared from the blood 


ceiving insulin and intravenous saline are com- 
pared. In both patients blood glucose increased 
considerably after the infusion of glucose, but de- 
creased after the infusion of fructose. The total 
hexose (glucose plus fructose) of the blood rose 
much less after the fructose than after the glucose 


infusion. 

B. Patients with diabetic ketosis receiving 2.5 
per cent fructose in 0.45 per cent NaCl (Tables 
I to llT) 
The initial blood glucose varied from 286 to 


1780 mg. per 100 cc. In four studies (Nos. 1, 2, 


CIABETIC KETOSIS 
50: 


BLOOD 25 





OF 


FR 
a NORMALS 


50 
MGM'% 25 
0 





30. €0 
MINUTES 


Tue EFrrects oF INTRAVENOUS INJECTION OF 


Fic. 1. 
FrRucTOSE IN Four PATIENTS WITH 
KETosIS AND Two NorMAL SUBJECTS 


SEVERE DIABETIC 

100 cc. of 25 per cert fructose solution were injected in- 
travenously from 0 to 10 minutes. In the diabetic patients, 
treatment with regular insulin and intravenous saline had 
been started prior to 0 minutes. 


FOR DIABETIC 


KETOSIS 


MGM % GG MGM 


SLUGOSE = ; 
: 14004 
FRUC TOSE.-.--- 


FRUCTOSE GLUCOS GLUCOSE FRUCTOSE 











60 120 O 
TIME IN MINUTES 


Fic. 2. Tue Errects or INTRAVENOUS INJECTION OF 
FRUCTOSE AND GLUCOSE IN Two PATIENTS WITH SEVERE 
Diabetic KETOSIS 

Blood glucose is illustrated by solid lines; blood fruc 
Blood fructose plus blood glucose 
100 ce 


fructose or glucose were injected intravenously in 10 min- 


tose by dotted lines 


equals total hexose. of a 25 per cent solution of 


utes at the times indicated. 


4, 6b.) there was a progressive fall in blood glucose 
in spite of the administration of 75 to 225 Gm. of 
fructose. In one study (No. 3) there was an ini 
tial rise in blood glucose when 22 Gm. of carbo 
hydrate ® were given orally as well as intravenous 
fructose, and then a gradual fall in blood glucose. 
Although fructose was infused at rates up to 25 
Gm. per hour, the highest concentration of fructose 
in the blood was 60 mg. per 100 cc. 

In two studies (Nos. 5, 6a) the patients received 
50 Gm. of fructose before receiving insulin. Blood 
glucose increased during this period, but blood 
When 
insulin was added with the fructose, the blood glu- 


fructose remained low even without insulin. 


cose decreased. 

Only a small part of the fructose was excreted 
in the urine (2 to G per cent). In most of the 
studies (Nos. 2 and 5 are the exceptions), much 
larger quantities of glucose than fructose appeared 
in the urine. 
ried with the blood glucose and the urine flow, and 


The rate of excretion of glucose va- 


was independent of the rate of fructose adminis- 
tration. 

In every patient there was a steady and rapid 
fall in the total ketones in the blood. 
was greater than that which could be attributed to 


The decrease 


dilution of the body fluids by the infusion of the 


fructose-hypotonic saline solution. In two studies 


6 Chiefly sucrose. 
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(Nos. 5, 6a) the blood ketones decreased both be- 
fore and after the administration of insulin. The 
carbon dioxide of the serum was depressed about 
1 mEq. per L. for each millimol of ketone bodies, 
as would be expected from theoretical considera- 
tions. 

In three studies the initial concentration of so- 
dium in the serum was in the normal range (134 
to 144 mEq. per L.) but in the remaining four 
studies it was below normal. However, these val- 
ues must be evaluated in terms of the other con- 
stituents of the body fluids. The tonicity of the 
body fluids may be defined as the concentration 
of those substances which exert an effective os- 
motic pressure because they are restrained from 
penetrating cell membranes and therefore can alter 
the distribution of water between the intracellular 
and extracellular phases. Under ordinary cir- 
cumstances extracellular tonicity is almost com- 
pletely determined by the concentration of sodium 
salts. Glucose does not enter cells readily, and 
therefore exerts an effective osmotic pressure. As 
demonstrated by Seldin and Tarail (21), hyper- 
glycemia contributes significantly to the tonicity 
of the extracellular fluids. 
hexose of whole blood was measured. 


In these studies total 
The total 
hexose concentration in serum is about 15 per cent 
higher than in whole blood due to the distribution 
In Table I the 
concentration of total hexose in serum has been 
expressed in mM per L. + 2, so that tonicity of 


of water between cells and serum. 


the serum can be estimated from 2 * (total hexose 


plus sodium). The tonicity of the serum was ele- 


vated in four of the studies before treatment (Nos. 
1, 3, 4, 6b), and normal in the remaining three 
(Nos. 2, 5, 6a). 
in the last study (No. 6b) when the initial serum 
sodium was 112 mEq. per L. and the blood glucose 
1780 mg. per 100 ce. 

During treatment sodium was infused at a con- 
In five studies the 


Hypertonicity was most marked 


centration of 77 mEq. per L. 
serum sodium was determined before and after the 
infusion. In one (No. 6b) the serum sodium in- 
creased, in another (No. 3) it did not change, and 
in three studies it decreased (Nos. 1, 2, 4). In 
the latter three instances the serum sodium had re- 
turned to the normal range by the following morn- 
ing (Table I—ittalics). In 
serum chloride increased during the infusion of the 


every instance the 


fructose-hypotonic saline solution. 
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The initial serum potassium was above normal 
in only one patient (No. 6b), but fell rapidly with 
rehydration and acceleration of carbohydrate me- 
tabolism. Potassium chloride (7, 22, 24) was ad- 
ministered in five of the studies to prevent the de- 
velopment of hypokalemia (Table II). The urine 
was always hypotonic with respect to electrolytes 
(Table II). In every instance there was a sig- 
nificant loss of potassium in the urine, generally 
less than that of sodium and ammonia. Excretion 
of chloride was low initially, when there was a 
marked ketonuria, but increased rapidly with the 
decrease in the rate of excretion of ketones. 

In every instance, a large positive balance of wa- 
ter, sodium, and chloride was achieved during the 
infusion of the fructose-hypotonic saline solution. 
The decrease in the concentration of proteins in 
the serum during the studies reflects correction of 
the dehydration. In six of the seven studies, so- 
dium chloride was retained as a hypotonic solu- 
tion (No. 6a is the exception). In the five studies 
in which the cellular balances have been calculated 
(Table III), the retained water was distributed 
chiefly in the extracellular compartment. In each 
instance there was a significant increase in intra- 
cellular water. When potassium chloride was 
added to the fructose-hypotonic saline solution 
(Table II), a positive balance of potassium was 
achieved. With one exception (No. 1), the po- 
tassium was distributed chiefly in the intracellular 
compartment. 


DISCUSSION 


The derangements of body water and electro- 
lytes in severe diabetic ketosis have been reviewed 
by several authors (7, 21, 23-25). Asa result of 
hyperglycemia and glycosuria, hyperventilation, 
and the vomiting which frequently occurs in dia- 
betic ketoacidosis, there is usually a loss of large 
quantities of intracellular and extracellular water 
In most instances these sub- 
stances are lost in proportions less than their con- 


and electrolytes. 


centration in the body fluids, so that the net result 
is hypertonicity of the body fluids and cellular de- 
Seldin and Tarail (21) have demon- 
strated that the hypertonicity is not apparent if 
only the concentration of sodium chloride in the 
Glucose does not enter cells 
readily and thus contributes to the effective osmotic 
pressure of the extracellular fluid, which must be 


hydration. 


serum is considered. 
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estimated from the concentration of sodium and its 
salts plus the osmotic contribution of glucose. In 
the treatment of diabetic ketosis, deficits of water 
and electrolytes must be replaced. Water is needed 
in excess of that in isotonic solutions to correct 
hypertonicity and cellular dehydration, as well as 
the provision for urine and insensible loss which 
is increased with the hyperpnea of diabetic ketosis. 
Infusion of hypertonic electrolyte or glucose solu- 
tions will increase the hypertonicity and cellular 
dehydration. Danowski and his associates (24) 
found that the infusion of large volumes of iso- 
tonic saline can prolong the hypertonicity. For 
these reasons Butler (25), Seldin and Tarail (21), 
and Peters (7), have recommended hypotonic 
electrolyte solutions in diabetic acidosis. There 
are objections to the rapid infusion of large volumes 
of hypotonic electrolyte solutions. Hence, glucose 
has been used as a vehicle for the water so that an 
isotonic solution could be administered, either by 
giving isotonic glucose (5 per cent) and isotonic 
saline separately, or mixed together in equal quan- 
tities, 2.5 per cent glucose in 0.45 per cent saline. 
However, in severe diabetic ketosis, when carbo- 
hydrate metabolism is reduced to a minimum, glu- 
cose is not an ideal vehicle for water. Up to the 
present, it has been recommended because none 
better was available. Glucose administered early 
in the course of treatment of diabetic ketosis either 
increases the blood glucose or delays its return 
to normal (21, 26). The data presented here show 
that fructose disappears from the blood, even in 
severe diabetic ketosis, and that the blood total 
hexose decreases if adequate amounts of insulin 
are given. Hence, fructose is a better vehicle than 
glucose for the administration of the excess water 
required in the correction of the dehydration as- 
sociated with diabetic ketosis. Other investiga- 
tors have arrived at the same conclusion (27, 28). 

The need for excess water in the treatment of 
diabetic ketosis is illustrated best in the last study 
(No. 6b, Tables I-III). This patient received in 
18.3 hours 9 liters of water, containing 693 mEq. of 
Of the 9 liters, 
3.8 liters were retained in the extracellular com- 
partment together with 614 mEq. of sodium (162 
mEq. per liter). The remaining 6.2 liters were 
utilized as hypotonic solutions: intracellular water, 
1.1 liters with 38 mEq. of sodium; urine, 3 liters 
with 42 mEq. of sodium; and 1.1 liters for insensi- 


sodium and 225 Gm. of fructose. 
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ble loss (total electrolyte content less than 10 mkq. 
per liter). 

Fructose circumvents one of the blocks in car- 
bohydrate metabolism in diabetes mellitus (2, 3). 
It was hoped that fructose would prove to be more 
entiketogenic than glucose. In these patients 
treated with insulin and fructose, there was a rapid 
When 
fructose was given without insulin to two patients 
with mild ketosis (Nos. 5, 6a, Table 1), there was 
a slight decrease in blood ketones, but fructese did 


and steady decrease in blood ketones. 


not appear to be more antiketogenic than g!ucose. 
Rosecan and Daughaday (29) have compared the 
treatment of diabetic ketosis with insulin and sa- 
line, and insulin, saline, and glucose or fructose. 
They found a more rapid disappearance of the ke- 
tosis with insulin plus carbohydrate, but found 
that fructose was no more antiketogenic than glu- 
cose. 

Fructose administered intravenously in diabetic 

Only 
in the 
(4, 30) have dem- 
onstrated that: 1) There is a large hepatic uptake 
of fructose in diabetic patients deprived of in- 


ketosis disappears rapidly from the blood. 
small amounts of fructose are excreted 


urine. Miller and his associates 


sulin; 2) some of the fructose is converted to glu- 
cose by the liver; 3) in severe diabetic ketosis as 
much as 22 per cent of intravenously administered 
fructose can be utilized even in the absence of in- 
sulin (31); 4) in severe diabetes without insulin, 
C'*-labelled fructose is oxidized to C'*O, at the 
same rate as in normal subjects (31). The eleva- 
tion of blood glucose which follows the intrave- 
nous administration of fructose is variable. It is 
greater in patients with diabetes than in normal 
subjects, and in diabetics it is less with insulin than 
without insulin. mild ketosis 
(Nos. 5, 6a, Table 1) fructose without insulin pro- 


Even in diabetic 
duced an increase in blood glucose. 

In the choice of a carbohydrate compound for 
use in the early treatment of diabetic acidosis, fruc- 
Part of the 
fructose is utilized when glucose would be ex- 
creted quantitatively in the urine. 
ministered intravenously is removed rapidly from 
the blood, releasing the water. 

There is not an elevation of the blood glucose 
when adequate amounts of insulin are given. We 
have started the parenteral fluid therapy of dia- 


tose has advantages over glucose. 


Fructose ad- 


betic ketosis with fructose as a 2.5 per cent solu- 
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tion in 0.45 per cent NaCl so as to administer an 
isotonic solution early in the course of treatment 
when there is usually hypertonicity of the body 
fluids, with some salt, but chiefly water depletion. 
In a patient with prolonged and severe diabetic 
acidosis with shock, the blood volume should also 
be expanded with blood, plasma, or colloid solu- 
tions. Once the blood sugar has begun to fall, 
owing to the acceleration of carbohydrate metabo- 
lism, and hypertonicity has been corrected, more 
concentrated solutions should be used, such as 5 
per cent or 10 per cent fructose or glucose, in or- 
der to prevent the development of hypoglycemia 


(7, 20); 
CONCLUSIONS 


1. Fructose disappears rapidly from the blood in 
patients with diabetic ketosis, with or without in- 
sulin, and at the same rate as in normal subjects. 

2. By using fructose instead of glucose, together 
with adequate amounts of insulin, carbohydrate can 
be administered early in the course of treatment of 
diabetic ketosis without increasing the effective 


osmotic pressure of the extracellular fluid. 


3. The dehydration associated with diabetic ke- 
tosis can be corrected rapidly by infusing a hypo- 
tonic electrolyte solution made up to isotonicity 
with fructose. Intracellular water is increased 
early in the course of treatment. 
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For many years it has been suggested that con- 
siderable quantities of digitalis bodies accumulate 
in edema fluid, that rapid diuresis with mercurial 
diuretic drugs “liberates” these glycosides into the 
blood stream as the edema fluids are mobilized and 
excreted by the kidneys, and that the ensuing “re- 
digitalization” may lead to manifestations of digi- 
talis toxicity in the already adequately digitalized 
patient (1). 
that this belief is based largely upon clinical im- 


A survey of the literature reveals 


pressions rather than upon careful studies of the 
content of digitalis glycosides actually present in 


accumulations of edema fluid. The clinical im- 


portance of this problem led to the present investi- 


gation of the digitoxin content of edema fluids, 
utilizing microassay techniques now available. 


METHODS 


Peritoneal, pleural, and subcutaneous edema fluids were 
removed by paracentesis or through Southey tubes from 
seven patients with accumulations of edema fluid of he 
patic or cardiac origin, and from one patient with pleural 
effusion secondary to a lymphoma. In six patients fluid 
was collected prior to the oral administration of 1.2 mg. 
of digitoxin and again collected from the same site four 
to seven days later, during maintenance with 0.2 mg. daily 
dosage. In the remaining two patients, the collection was 
made only once, following oral digitalization and during 
maintenance with a daily dose of 0.1 mg. digitoxin. All 
samples of fluid were collected with toluol as preservative, 
measured, and then extracted immediately or after short 
periods of storage at — 20° ¢ 

Duplicate aliquots of 10 ml. each were buffered at pH 
8 with 0.1 M phosphate buffer and extracted with 25 ml! 
of methylene chloride by shaking for one hour at room 
temperature. The flasks were chilled overnight at 4° C., 
transferred to 200 ml. centrifuge tubes and centrifuged for 


30 minutes at 2000 rpm. The aqueous layer was aspirated 
and the protein film then separated from the methylene 
chloride layer by filtration. The filtrate was evaporated 
to dryness; a small amount of ethanol was added at the 


close of the process to drive off all traces of dichloro- 


1 Aided by a grant from Eli Lilly and Company. 


methane. The residue was shaken with 2 ml. Tyrode’s 
solution (five times the original concentration) and di- 
luted further if necessary. Bioassay then was performed 
by the standard embryo duck heart procedure (2,3). The 
presence of digitoxin was indicated by a more forceful 
heartbeat followed by the onset of auriculo-ventricular 
dissociation (2), changes which are specific for digitalis 
glycosides in contrast with other effects which are in- 
Standardiza- 
tion was accomplished by the recovery of 1.0, 0.05, and 
0.025 micrograms of digitoxin added to the edema fluids 
of two non-digitalized patients, and from Tyrode’s solu- 
tion containing 5 mg. of albumin. Re-extraction of either 
the aqueous or protein layers did not yield further quan- 
tities of digitoxin (or digitoxigenin). In all of the cases 
where fluid samples without digitalis from any source 
were available, the extract of the fluid caused no irregu- 
larities in the embryo duck heart preparation and served 
as the biological control of the post-digitalization speci- 
The sensitivity of the method permitted the identi- 
fication of amounts of digitoxin as little as 0.0025 micro- 
grams per cubic centimeter of edema fluid (0.25 ug. per 
cent). 


duced by various drugs and electrolytes. 


mens. 


RESULTS 


As shown in Table I, no digitoxin was found in 
the edema fluid collected from the subcutaneous 
tissues of the ankle in the one patient in which such 
fluid was obtained. Edema fluids collected from 
the peritoneal cavities of three other patients failed 
to show detectable amounts of digitoxin; in three 
others the ascitic fluid was found to contain traces 
of digitoxin, varying in concentration from 0.002 
to 0.02 micrograms per cubic centimeter of fluid. 
The single specimen of pleural fluid revealed a digi- 
toxin concentration of 0.005 micrograms per ml. 


DISCUSSION 


A variable amount of edema fluid is mobilized 
and excreted by the kidneys when diuresis is in- 
For many years it has been assumed that 
edema fluids of digitalized patients may contain 
digitalis glycosides (1). This concept has led 


duced. 
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TABLE I 


The digitoxin content of edema fluids of digitalized patients 











Digitoxin 
content 
we. /mi. 


Period of 
digitalization 
(days) 


Volume 
of fluid 
(ml.) 


Age Diagnosis Type of fluid 








Ascitic 500 5 
Ascitic 4700 4 
Ascitic 20 6 
Ascitic 1280 4 


0.020 
0.003 
none 
none 


47 Hepatic cirrhosis 
64 Hepatic cirrhosis 
54 Hepatic cirrhosis 
64 Hepatic cirrhosis 
and hepatoma 
Lymphoma 
72 Hepatic cirrhosis, 


0.005 


Pleural 500 
. 0.002 


Ascitic 2000 


atherosclerotic 
heart disease 
Rheumatic heart 
disease 
Arteriosclerotic 
heart disease 


GR. 28 
J.H. 54 





Subcutaneous 300 


Ascitic 


Chronic none 


(ankle) 


* 


2400 Chronic none 


* Received maintenance dose of 0.1 mg. daily. All others received 1.2 mg., followed by daily dose of 0.2 mg. 


to the hypothesis that rapid diuresis following ihe 
injection of mercurial preparations may introduce 
excess glycoside into the blood stream and that this 
“redigitalization” of the already digitalized pa- 
tient may induce manifestations of digitalis toxicity. 
Widespread acceptance of this concept seems 
In 1931, Miller and 
Smith (1) employed the Hatcher cat assay method 
to study edema fluids obtained from 15 patients 
and found “digitalis action” in each instance. In 
1937, Schnitker and Levine (4) utilized the frog 
heart to study this problem, finding a “digitalis 
effect” in 13 of 18 specimens of edema fluid. 


based upon two studies. 


The clinical importance of this problem led us 
to reinvestigate the content of digitoxin in edema 
fluids, utilizing a microassay technique capable of 
identifying minute amounts of glycoside. Edema 
fluids were obtained from peritoneal, pleural, and 
subcutaneous sites of eight digitalized patients. 
In six instances, collections were made both be- 
fore and after digitalization was accomplished. 
The presence of digitoxin was detected in only 
four of the eight specimens. In each instance the 
concentration was less than 0.02 micrograms per 
ml. of edema fluid. Thus, the maximum content 
found was of the order of 20 micrograms per liter 


of fluid. 


even large quantities of edema fluid could not lead 


This suggests that the mobilization of 


to the hypothetical “redigitalization” following 
rapid diuresis. 

Nevertheless, such symptoms as headache, gid- 
diness, weakness, nausea, and even emesis may fol- 


low marked diuresis, and may be accompanied by 
It seems likely that these 
manifestations may be due to the marked altera- 


cardiac arrhythmias. 


tion of water and electrolyte balance induced by 
rapid diuresis. In this regard there is increasing 
evidence of the importance of the potassium ion to 
Of par- 
ticular interest is the recent report of Lown and 
associates (7) of their finding that mercurial-in- 
duced diuresis of the digitalized patient can lead to 


manifestations of digitalis toxicity (5, 6) 


sufficient loss of potassium ion to change the 
threshold to the toxic action of digitalis, with en- 
suing manifestations of digitalis toxicity. 


SUMMARY 


The content of digitoxin in peritoneal, pleural, 
and subcutaneous edema fluids was determined by 
microassay techniques utilizing the embryo duck 
heart procedure. No digitoxin was detected in 
specimens removed from four of eight digitalized 
patients, and only minute amounts were detected 
in the remaining four specimens. The maximal 
content of digitoxin was found to be 20 micrograms 
per liter of fluid. 

It was suggested that rapid diuresis of even 
large quantities of edema fluid cannot lead to “re- 
digitalization” of the already digitalized patient. 
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The mechanisms controlling the absorption of 
iron from the gastrointestinal tract have been under 
investigation for a number of years. 
pears that several factors can increase the absorp- 
tion of iron above the small amounts normally 
absorbed. Early observations by Hahn, Bale, 
Lawrence, and Whipple (1) using radioactive iso- 
topes of iron clearly demonstrated that the normal 
dog absorbed only small amounts of iron from 
the gastrointestinal tract, whereas the anemic iron 
deficient dog was capable of absorbing relatively 


It now ap- 


large quantities of iron. This observation was ex- 
tended to rats (2) and human subjects (3). It ap- 
peared, however, that in spite of adequate iron 
stores, excessive iron could be absorbed under 
certain circumstances. Patients with pernicious 
anemia, hemolytic anemia, and other anemias 
seemed to absorb more iron than normal when 
iron balance studies were done with the aid of ra- 
dioactive isotopes (3). These types of anemia are 
generally associated with increased rather than 
decreased stores of iron. Furthermore, in several 
instances of prolonged anemia of various types 
which required multiple transfusion of blood over a 
number of years, there was deposited in the liver 
considerably more iron than had been administered 
by transfusion, suggesting an increase in the ab- 
sorption of iron (4, 5). Studies in pigs deficient 
in pyridoxine (6) also suggested that the absorp- 


tion of iron was increased, perhaps in this in- 
stance also because of the anemia which is regu- 
larly present. 

Some of the above mentioned observations sug- 
gested to Granick (7) that anemia alone may have 


been responsible for the increased absorption of 
iron that was noted, Several objections to this 
idea are possible, however, since in all instances 
factors other than anemia have been present. 
These include abnormal gastric mucosa, deficiencies 
of iron and vitamins. It was, therefore, considered 


desirable to approach this problem by studying the 


influence of a chronic anemia on the absorption 
of iron in dogs in which these variables were con- 
trolled. 

The anemia induced by acetylphenylhydrazine 
seemed an ideal method of conducting such a study. 
The only known action of this substance is to cause 
an increased destruction of erythrocytes. The ane- 
mia which it causes is of hemolytic type, little loss 
of essential building blocks for hemoglobin syn- 
thesis occurs, and the duration and severity of ane- 
mia can be readily controlled. 

The experiments reported here indicate that un 
der conditions of prolonged hemolytic anemia the 
dog absorbs excessive amounts of iron. 


METHODS 


All dogs were healthy adult mongrels, vaccinated against 
distemper, and freed of intestinal parasites by a commercial 
vermifuge. The diet consisted of dog meal supplemented 
by occasional cans of commercial canned dog meat. 

The radioactive iron, a mixture of Fe” and Fe” as 
FeCl, was obtained from the Atomic Energy Commis- 
sion. Purity was insured by following the decay curve. 
Appropriate dilutions were analyzed for iron content, and 
a known aliquot as FeCl, was administered by stomach 
tube to fasting dogs. Procedures for determining radio- 
activity were essentially those as reported by Yuile et al. 
(8). 

Determinations of the level of iron in the plasma were 
done by the method of Kitzes, klvehjem and Schuette (9) 

Dogs were rendered anemic by the subcutaneous injec 
tion of acetylphenylhydrazine dissolved in distilled water 
The dose varied from time to time depending upon the 
level of anemia desired, but was usually between 200 and 
400 mg. every other day. Care was taken to minimize 
hemoglobinemia in order to avoid loss of iron by renal 
excretion of hemoglobin. 

After various periods of anemia, the dogs were given 
a single dose of a known amount of radioactive iron and 
the administration of acetylphenylhydrazine was stopped. 
The appearance of radioactivity in the erythrocytes was 
determined at weekly intervals for three weeks by which 
time the hematocrit readings had returned to normal. As 
controls most of the dogs were later given another dose 
of radioactive iron to determine absorption under normal 
conditions. 
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Calculation of absorption was based upon an estimation 
of the blood volume and the concentration of radioactivity 
in the packed erythrocytes. The blood volume was as- 
sumed to be 8 per cent of the body weight. This value 
was multiplied by the venous hematocrit to give the red 
cell volume. The product of the red cell volume and the 
concentration of radioactivity in the packed red cells 
yielded the total circulating radioactivity. From this the 
per cent of utilization was computed. 


body weight * 0.08 « hematocrit 
__X radioactivity per ml. RBC X 100 


% utilized = ——— : aed’ A cel ee 
’ radioactivity administered 


As will be seen, the difference between anemic phenyl- 
hydrazine treated and control animals was so great that 
the relatively small errors involved in this calculation 
were negligible. The amount of radioactive iron utilized 
for hemoglobin synthesis was assumed to be a close esti- 
mate of the amount absorbed. 


RESULTS 


From 
the figures in column 3 it will be seen that all dogs 


The results are summarized in the table. 


had hematocrit values in the normal range at the 
beginning of the experiments. Hematocrit read- 
ings taken at the time the radioactive iron was given 
are listed in column 4. 
representative of the degree of anemia induced dur- 
ing acetylphenylhydrazine administration, but mod- 
Levels of 


In general these values are 


erate fluctuations were unavoidable. 
iron in the plasma are given in columns 5 and 6. 
All values fell within the normal range at the be- 
ginning of the experiments. Following administra- 
tion of acetylphenylhydrazine the levels of iron in 
the plasma were in general higher than the baseline 
Dog 393 had a low plasma iron level after 
acetylphenylhydrazine. We have 
noted in other animals that there is frequently a 


values. 
two weeks of 


period, early in the course of phenylhydrazine ane- 
mia during which the level of plasma iron may be 
temporarily depressed. Dog 400 after prolonged 
phlebotomy had a low concentration of iron in the 
plasma. This is the expected finding. 

The size in milligrams of the labelled dose of 
iron is given in column 7. In most of these experi- 
ments about 5 mg. were given. When larger or 
smaller amounts were given to anemic dogs, the 
controls were done with the same dose. Dog 400 
received a relatively large amount, 16.6 mg., and 
dog 398 received a very small amount, 0.47 mg., in 
one experiment. 

The amount of radioactivity found in the eryth- 
rocytes three weeks later is given in the last col- 
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umn. The figures are computed as per cent of the 
administered radioactivity and were calculated as 
described above under Methods. The figure in 
parentheses after dog 400 indicates the per cent of 
the sadioactivity administered which was found 
by determining the amount of radioactivity re- 
moved by prolonged bleeding. This procedure 
withdrew from storage all the iron available for 
hemoglobin synthesis. This figure of 10 per 
cent was in good agreement with the 8.8 per cent 
previously estimated to be in the peripheral blood. 
This agreement indicated that all or nearly all of the 
iron absorbed from the gastrointestinal tract was 
utilized for hemoglobin synthesis rather than be- 
ing deposited in the iron stores. 

It is apparent from the figures in this column 
that under the experimental conditions the absorp- 
tion of iron from the gastrointestinal tract was in- 
creased several fold above that of the controls. 
Dog 400 absorbed 10 per cent of 16.6 mg. of FeCl, 
after four months of anemia induced by acetyl- 
phenylhydrazine. After the dog had been ren- 
dered iron deficient by prolonged bleeding, he ab- 
sorbed 13 per cent of a dose of the same size. The 
dog was allowed to regenerate his hemoglobin with 
the aid of an adequate iron intake by mouth and 
0.3 Gm. of ordinary iron administered intrave- 
nously. After this he absorbed only 2.9 per cent 
of a 16.4 mg. dose of FeCl,. Dog 398 absorbed 13 
per cent of 0.47 mg. after three months of acetyl- 
phenylhydrazine and only 1.8 per cent of a test dose 
of the same size when the hematocrit had returned 
tonormal. In the remaining experiments a dose of 
5 mg. of FeCl, was given. After 34 days of ane- 
mia, dog 403 absorbed 38 per cent, a figure clearly 
above the normal absorption of 2 to 6 per cent. 
Two dogs were given a test dose of radioactive 
ferric chloride after only two weeks of anemia. 
Dog 393 absorbed only 4.2 per cent, whereas dog 
392 absorbed 13 percent. It seems that two weeks 
of anemia may be effective in some animals, but 
not in others. 


DISCUSSION 


Phenylhydrazine anemia in these dogs consist- 
ently increased gastrointestinal iron absorption if 
the animals were anemic for longer than 14 days. 
The increased iron absorption was not due to lack 
of iron in the body because: 1) Care was taken to 
prevent excessive iron loss from hemoglobinuria ; 
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2) iron lost in the bile was probably insignificant 
in amount (10); and 3) the dogs recovered 
promptly from the anemia when phenylhydrazine 
administration was stopped. It seems reasonable, 
therefore, to attribute the excessive iron absorp- 
tion to the anemia. 

The explanation of this increased absorption of 
iron is obscure. Granick (7) has suggested that 
anoxia produced by anemia alters the redox level 
of the mucosal cells. Such a change, affecting the 
hypothetical ferritin mechanism of the cells, would 
allow increased amounts of iron to enter the body. 
This suggestion seems reasonable, but there is as 
yet little direct evidence to support it. Moreover, 
factors other than anemia can cause increased iron 
absorption. For example, the dietary siderosis 
produced by Hegsted, Finch, and Kinney (11) is 
not known to be associated with anemia. Some- 
what similar diets have also caused increased ab- 
sorption of iron in the face of a normal level of 
hemoglobin (12). Whether the intestinal mucosa 
is anoxic when rats are fed such deficient diets is 
not known, however. 

Increases in mucosal iron have been shown to 
suppress the absorption of iron in anemic iron de- 
ficient dogs (13). There also is evidence indicating 
that in states of iron excess induced by diet the 
rate of absorption of iron is decreased (12). Dur- 
ing the hemolytic process induced by acetylphenyl- 
hydrazine one would expect the mucosal and stor- 
age iron to be higher than normal, thus tending to 
decrease the absorption, rather than allowing in- 
creased absorption, but such is not the case. It 
would seem reasonable then to suspect that an ane- 
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mia of long duration can overcome the “mucosal 
block” thought to be induced by the presence of 
iron in the mucosal cells, even though acute anemia 
does not do so (14). 

The increased absorption of iron in these dogs 
took place when the concentration of iron in the 
plasma was elevated. This observation supports 
earlier work (3, 15) discounting the influence of 
plasma iron levels upon the absorption of iron from 
the gastrointestinal tract. 

A difference between species seems to exist with 
respect to the effect of acetylphenylhydrazine upon 
the absorption of a single dose of iron from the 
gastrointestinal tract. Rats fed acetylphenylhydra- 
zine for one month absorbed less of a single dose of 
an iron salt than control rats (16). The authors 
stated, however, that long term experiments indi- 
cated an increased absorption of iron in rats fed 
acetylphenylhydrazine., 

Utilization for hemoglobin synthesis of orally 
fed iron as a measure of absorption from the in- 
testinal tract has been criticized (3). Such criti- 
cism does not apply to these experiments since 
falsely low rather than falsely high values for iron 
absorption would have been obtained if a large 
fraction of recently absorbed iron had been diverted 
from the hemoglobin to stores. Falsely high values 
would have resulted only if labelled iron from 
stores had been incorporated into the red cell mass. 
This could have happened only in dogs 393 and 
392 in our series, since none of the other dogs had 
received any radioactive iron prior to being placed 
on acetylphenylhydrazine. Furthermore, it has 
been recently demonstrated that only a small frac- 


BLE I 


The absorption of iron during hemolytic anemia in dogs 


Hematocrit 


Conditions 


Normal Anemic 





% % 

46.7 32.4 

50.0 37.8 

48.1 — 

52.4 34.0 
48.1 — 

48.0 27.6 
50.0 
60.0 
309 
ora 
43.3 
44.1 


APH* 4 months 
iron deficient 
normal 

APH 3 months 
normal 

APH 3 months 
normal 

APH 34 days 
APH 3 weeks 
APH 2 weeks 
normal 

APH 2 weeks 


30.2 
34.0 
30.0 
23.0 


* Indicates the subcutaneous injection of acetylphenylhydrazine. 


Plasma iron 


Normal Anemic 


7/100 ml. »/100 ml. 


103 
103 
198 
104 


194 
60 


165 
248 
210 
161 

70 


136 
159 
141 


175 


225 


Dose of radio 
active ferric 
chloride 


mg. 


16.6 


Utilization 


Yo of dose 
8.8 (10)t 
13 


¢t Based upon measurement of radioactive iron removed by repeated and prolonged phlebotomy. 
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tion of stored iron is used to replenish the iron of 
hemoglobin during recovery from anemia caused 
by acetylphenylhydrazine (17). 

The fact that absorption of iron from the gastro- 
intestinal tract is increased during a hemolytic ane- 


mia has certain clinical implications. The use of 


medicinal iron in anemias not caused by a deficiency 


of iron is possibly dangerous. Indeed, excessive 
iron deposition in the viscera of a patient with 


(18). 


This patient was given medicinal iron for many 


hereditary sypherocytosis has occurred 


years as a placebo. The effects of such excessive 
deposits of iron are not yet clear, but it would 
seem wise to avoid excessive iron deposition if 
possible. 


SUMMARY 


Dogs were given subcutaneous injections of 
acetylphenylhydrazine to make them anemic. Af- 
ter various periods of anemia a test dose of radio- 
active iron was given by stomach tube. 

All animals which had been anemic at least three 
weeks absorbed more iron from the gastrointestinal 
tract than controls. One of two dogs which were 
anemic for only two weeks absorbed more than 
a normal amount of iron. 

It was concluded that hemolytic anemia caused 
increased absorption of iron in dogs. 
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PART I 


AN EXTRACORPUSCULAR DEFECT IN THALAS- 
SEMIA MAJOR 


Normal red blood cells, when transfused to pa- 
tients with thalassemia, have been shown to have 
a normal life span (1-4). It has also been demon- 
strated that transfused erythrocytes from donors 
with thalassemia major rapidly disappear from the 
circulation of normal recipients (2, 4). This evi- 
dence supports the contention that the hemolytic 
component of the anemia in thalassemia is due to 
an intracorpuscular defect, as is the case in congeni- 


tal spherocytic anemia (5) and in sickle cell anemia 
(6). 
We have had the opportunity to observe re- 


peatedly approximately 20 children with thalas- 
All of 


these subjects have required blood transfusions to 


semia major during the past five years. 


alleviate such recurring symptoms as listlessness, 
irritability, anorexia, fatigue, palpitations, weak- 
ness or dizziness. It was evident after review of 
the transfusion records that many of these children 
were receiving 500 cc. supplements of blood, or the 
equivalent in packed erythrocytes, at very short 
intervals, i.e., every ten days or every 25 days. 
Since (a) prior to transfusion, hemoglobin and he- 
matocrit levels in any one patient were fairly con- 
stant (and definitely not rising over a period of 
several years), and since (b) there was no exter- 
nal loss of blood, it seemed logical to assume that 
the transfused blood was not surviving the expected 


1 Presented in part at the meeting of the American 
Federation for Clinical Research, Eastern Section, at New 
York City, December, 1951. 

2 This study was supported in part by a Grant from 
the American Cyanamid Corporation, Lederle Laboratories 
Division. 


normal span of 120 days. Other possible explana- 
tions were that each transfusion caused a decrease 
in endogenous blood formation or that both of these 
mechanisms were involved. It was the purpose of 
this study to test the first assumption by measuring 
the survival of normal fresh blood in seven recipi- 


ents with thalassemia major. 


METHODS 


The survival of transfused erythrocytes was determined 
by the method of DeGowin, Sheets, and Hamilton (7). 
Blood from normal type O donors was collected asep 
bottles 
trose” solution and was transfused to the test subjects 


Compatibility of donor cel 


tically in vacuum containing “acid-citrate-dex 


within 36 hours. Is was as 
sured after cross-matching by the use of the 


A and one 


indirect 
Coombs test. Five of the recipients were type 
was type AB. Anti-A sera were used in dilutions produc 
ing minimal inagglutinable cell counts. Sera capable of 
yielding baseline counts below 25,000 ce'ls per cu. mm 
were used. Aliquots of the selected sample of serum were 
kept in the deep freeze unit and were used for successive 
measurements during each erythrocyte life span study 
One patient whose blood was type O, MN, was transfused 
with O, N cells 


agglutination. 


Lederle’s anti-M serum was used for 


The reliability of this method in our hands was dem 
onstrated in normals and in patients with a variety of dis 
Survival 
of transfused erythrocytes for 100 to 130 days was found 


orders other than acquired hemolytic anemia 
in agreement with results reported by others (7-10). 


MATERIAL 


The seven patients in this series were examples of se 
vere thalassemia major. Al! were of Sicilian descent and 
were first noted to be anemic in infancy, when blood ex 


blood cell 


such as microcytosis, hypochromia, basophilic 


aminations demonstrated red abnormalities 


stippling, 
anisocytosis and 


poikilocytosis with many small fragmented forms. The 


normoblastosis, target cells, marked 


erythrocytes showed increased resistance to hypotonic 


saline solutions. Examination of bone marrow aspirations 
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TABLE I 





Average 

pre-trans 
fusion 

Hb. level 


Gm, % 


Hematologic observations in thalassemia major before splenectomy 








Calculated* 
whole 
blood 
require- 
menis 
ec. /day 


Average 
interval 
bet ween 
500 cc. 
transfusion 
days 


Half life of 
transfused 
red cells 


Measured 
red cell 
survival 

days 





7.0 
6.0 
6.5 
6.0 
<, ‘ 7.0 
2. R. ! 7.0 
5 os I 7.0 


26.6 
23.3 


19.4 
21.4 
25.1 19.7 
10.7 46.6 
15 31 

19.6 23.4 
18 23.4 





* These figures were calculated by dividing the total volume of whole blood received by transfusion during the 
previous one to two years by the number of days during this period. 


revealed intense myeloid activity with normoblastic hy- 
perplasia. Iron deficiency was excluded by the finding 
of high serum iron levels and by the failure of the anemia 
to respond to the administration of preparations contain- 
ing iron. Splenomegaly was prominent along with mod- 
erate hepatomegaly. Each child possessed the mongoloid 
facial appearance so often noted in this disease (11), in 
addition to the characteristic roentgenographic abnormali- 
ties in the bones (12). Detailed hematologic, genetic 
and roentgenologic studies of these patients will be re- 
ported elsewhere. 


RESULTS AND DISCUSSION 


The circulating “life span” of normal red blood 


cells transfused to these patients was markedly 


shortened in all but one instance (see Table I and 
Figures 1-5). The “half life” of the transfused 
erythrocytes ranged from five to nine days in six 
of the patients. In Case 5, where the total survival 
time of the transfused red cells approximated 96 
days, the “half life’ of these cells was only 35 
days. The rate of elimination of the cells in this 
patient, like those of Cases 2 and 4 (see Figure 2 
and 4), is such that it appears curvilinear when 
charted. This has been described by Brown, Hay- 
ward, Powell, and Witts as characteristic of a ran- 
dom destructive mechanism which is independent 
of the age of the cells (13). The shortened sur- 
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vival of transfused red cells indicates that in all of 
these patients an extracorpuscular type of hemo- 
lytic anemia exists in addition to any other mecha- 
nisms operative in thalassemia major. 

In four previously reported studies (1-4) on a 
total of seven separate patients with thalassemia 


OAYS 


CasE 2 


the survival of normal transfused erythrocytes was 
found to be normal. Sufficient data are available 
in five of these studies to demonstrate differences 
in case material which may explain the discrepancy 


between their results and ours. Four of the pre- 


viously reported patients were below two years of 
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TRANSFUSION SURVIVAL OF NORMAL CELLS 
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Fic. 4 
age, and one who was eight years old had never 
required any blood transfusions (see Table IT). 
The patients included in the present study were be- 
tween five and 16 years old. Their records indicate 
that increased demands for transfusions did not 
become evident before the age of three. 


OAYS 


Case 4 


It may be that the development of an extracor- 
puscular hemolytic anemia in thalassemia is de- 
pendent on an immunologic mechanism related to 
the large number of transfusions received by some 


of these patients over a period of several years. 


Circulating antibodies have not been demonstrated 
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TABLE II 


Previously reported cases of thalassemia with normal 
erythrocyte survival of transfused cells 





Frequency of 


Age transfusions Observer 


Kaplan and Zuelzer (2) 
Kaplan and Zuelzer 
Hamilton, Sheets, and 
DeGowin (1) 
Frontali and Stegagno 





Never transfused 
56-84 days 
Never transfused 


8 yrs. 
2 yrs. 
7 wks. 


9 mos. ? 


4) 
18 mos. ? Frontali and Stegagno 
? 


? Neber and Dameshek 
(3 


? Neber and Dameshek 


in our patients by the use of trypsin treated red 
cells (14) or by the indirect Coombs test (15). 
Further immunologic studies are in progress. 

The persistent marked splenomegaly increasing 
with age suggested the possibility that the extracor- 
puscular hemolytic component was related to the 
development of an abnormal function of the spleen 
in these patients. In Part II of this report the role 
of the spleen will be assessed. 


SUMMARY 


1. Seven children with thalassemia major who 
required frequent blood transfusions in order to 
maintain hemoglobin levels above 6 to 7 Gm. per 
cent were studied with a modification of the Ashby 
test for survival time of transfused normal eryth- 
rocytes. 

2. In each instance a shortened survival of the 
transfused erythrocytes was noted. This finding 
demonstrates that an extracorpuscular hemolytic 
anemia was present in these patients in addition to 
any other mechanisms operative in the pathogene- 
sis of the anemia in thalassemia major. 


PART II 


THE EFFECTS OF SPLENECTOMY IN THALASSEMIA 
MAJOR WITH AN ASSOCIATED ACQUIRED 
HEMOLYTIC ANEMIA 


Surgical removal of the spleen has been demon- 
strated repeatedly to be helpful in certain patients 
with hemolytic anemia (16-19) and curative in 
others (19, 20). How this procedure exerts its 
beneficial effect has been the subject of much in- 
vestigation and speculation but a definitive explan- 
ation of this mechanism has not yet been supplied. 
Furthermore, in the presence of the extracorpus- 
cular type of hemolytic anemias there are no reliable 
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criteria available with which one can predict 
whether splenectomy will be of benefit. 

Because of the clear evidence of the existence of 
an extracorpuscular hemolytic anemia in the seven 
patients with thalassemia major described above, 
splenectomy was performed in each instance. It is 
the purpose of this report to assess the value of the 
the operation in these selected cases. 


RESULTS 


The data on transfusion requirements of five 
patients who have been observed for longer than 
six months following splenectomy are summarized 
in Table III. A comparison of rates of blood re- 
placement can also be seen in Figure 6, Trans- 
fusion requirements fell significantly during the pe- 
riod of observation in four instances, t.e., 19 per 
cent, 21.3 per cent, 28.3 per cent and 36 per cent 
of preoperative figures. The fifth patient (Case 
4) was not benefited. His requirements for blood 
after splenectomy were 108 per cent of preopera- 
tive levels. In the first four patients the intervals 
between transfusions of 500 cc. of whole blood in- 
creased from a range of 15 to 25 days before opera- 
tion to a range of 57 to 119 days after splenectomy. 

Actual measurements of the survival of the trans- 
fused blood were made, using the previously de- 
scribed modification of Ashby’s test in two in- 
stances after splenectomy. As demonstrated in 
Figure 2, the rate of elimination of transfused 
erythrocytes after splenectomy was normal, in 
sharp contrast to the markedly shortened preoper- 
ative cell survival. This patient (Case 2) was 
greatly improved following splenectomy in that 
her transfusion interval increased from 21 days 
to 75.0 days. 

In Case 4 (Figure 4) the half life of transfused 
red cells is seen to be only slightly increased, 1.e., 


TABLE Ill 


Post splenectomy—calculated whole blood requirements 


Fraction 
of pre 
operative 
transiusion 
rates 


Average 

interval 

bet ween Calculated 

500 cc. whole blood 
transfusions requirements 


Period of 
observa 
tion post- 
operatively 





% months 
36.0 12 
28.3 12 


days cc./day 
57.7 8.6 
75.0 6.6 
119.0 4.2 21.3 12 
9.8 50.5 108. 9 
5.9 19.0 6 
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MONTHS 
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14 days as compared to five and one half days. 
This was the single patient studied whose trans- 
fusion requirements were not improved by splenec- 
tomy. 


DISCUSSION 


Splenectomy has been performed in thalassemia 
Some (21, 22) 
have recommended the operation for its beneficial 
Most 
splenectom” is productive of little clinical improve- 


major many times in the past. 


hematological effects. observers feel that 
ment apart trom the mechanical relief gained by 
removal of a large and heavy organ from the per- 
sistently distended abdomen (23, 24). 

The present study indicates that in a select group 
of patients, splenectomy is of value in most in- 
stances. The selection in this series depended on 
the findings of an extracorpuscular type of hemo- 
lytic anemia. This was demonstrated by red cell 
survival measurements. It is our impression that 
the chronic pronounced splenomegaly, persisting 
for at least three years, was instrumental in causing 
a rapid destruction of normal transfused blood cells. 
That the spleen may not be the only organ in- 
volved in this pathological capacity is suggested by 
a lack of improvement in Case 4 following opera- 


tion. It is of interest that in the entire series this 


6 


patient had the greatest degree of hepatic enlarge- 
ment. 

An extracorpuscular hemolytic anemia can be 
predicted with relative confidence when: 1) Trans- 
fusions are required to maintain adequate hemo- 
globin levels at intervals shorter than the normal 
survival of transfused blood; and when 2) there 
is no other cause for a rapid fall in circulating he- 
moglobin concentration such as bleeding or the 
expansion of the intravascular space, or a tem- 
porary decrease in endogenous erythrocyte pro- 
duction. That variations in endogenous erythro- 
cyte production do occur in thalassemia has been 
demonstrated (1). Just how important this fac- 
tor is in affecting the levels of circulating hemo- 
It is 
tempting to postulate that the discrepancies be- 


globin in thalassemia awaits further study. 


tween the measured red cell survival and the re- 
quired interval between blood transfusions are re- 
lated to fluctuations in endogenous erythrocyte 
production. This is suggested in Case 5 (Figure 
5). A transfused red cell survival of 96 days with 


a “half life” of 35 days was found. In spite of this 


however, administration of 500 cc. of blood was 
required at intervals of 15 days in order to keep 
the circulating hemoglobin concentration above 7 
Gm. per cent. 
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The number of circulating erythrocytes present 
in the body at any specific moment is a function of 
four variables: 1) The amount of blood transfused ; 
2) the rate of destruction of these cells; 3) the rate 
of endogenous production of erythrocytes; and 4) 
the rate of destruction of these endogenously pro- 


duced cells. In this study we have data on the first 
two variables. Knowledge of the dynamics of fac- 
tors 3) and 4) is necessary for a more complete 
understanding of the mechanism of the anemia in 
these patients. 


SUMMARY 


1. Five patients with thalassemia major in whom 
an extracorpuscular type of hemolytic anemia was 
demonstrated, were subjected to surgical removal 
of their spleens. 

2. The requirements of four of these patients 
for supportive blood transfusions were markedly 
reduced. One patient was unchanged clinically. 

3. The survival of transfused erythrocytes was 
measured in two instances after splenectomy. In 
one instance the transfused erythrocytes were 
found to have a normal life span after opera- 
tion as compared to a total survival of 33 days be- 
fore splenectomy. In the second patient who was 
not benefited by splenectomy there was no signifi- 
cant change in the survival of transfused eryth- 
rocytes. 
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Marked disturbances of fluid and electrolyte dis- 
tribution have been reported to accompany experi- 
mental adrenal insufficiency. Swingle and his as- 
sociates (1-4), studying the development of acute 
adrenal insufficiency in dogs, noted that the ex- 
ternal loss of sodium and water appeared to be 
quantitatively inadequate to account for the ob- 
served dehydration and hemoconcentration, They 
concluded that adrenal cortical hormone renders 


intracellular water and electrolytes available for 
replenishment of the depleted extracellular fluid in 


adrenal insufficiency (3,4). More recently, other 
studies in dogs have shown that a large decrease 
of the inulin space follows adrenalectomy (5), and 
that the calculated loss of sodium and chloride from 
the mannitol and thiocyanate spaces during acute 
adrenal insufficiency consistently exceeds net ex- 
ternal loss (6). Internal transfers of water and 
electrolytes are therefore indicated. 

Analyses of the soft tissues of animals of various 
species dying in acute adrenal insufficiency have, 
however, been consistently reported to indicate 
either no change or an actual decrease of cellular 
sodium in all soft tissues studied, although cell wa- 
ter and potassium are said to be increased (7-11). 
The intracellular migration of water has generally 
been assumed to be a passive osmotic process re- 
sulting from extracellular hyponatremia (8, 9, 10). 
Bone has been suggested as a possible site for the 
sodium transferred from the mannitol space, but 

1 This investigation was supported in part by research 
grants from the National Heart Institute, U. S. Public 
Health Service, the Squibb Institute for Medical Re- 
search, Sandoz Pharmaceuticals, Eli Lilly and Company, 
Ciba Pharmaceutical Products, Inc., and the Francis and 
Marian Boyer Fund. 

2 Nuffield Foundation Traveling Fellow. Present ad- 
dress: Medical Unit, Royal Infirmary, Cardiff, Wales. 

8 Trainee of the National Heart Institute. 


relevant evidence is lacking (6, 12). The subject 
has recently been reviewed by Overman (13). 

In this communication are reported studies of 
the effects of acute adrenal insufficiency and of 
adrenal steroids upon fluid and electrolyte distri- 
bution in man. 


MATERIALS AND METHODS 
I. Clinical material and design of experiments 

Eleven patients previously subjected to subtotal adrenal- 
ectomy because of severe hypertensive disease and one pa- 
tient with hypertensive disease not surgically treated 
served as experimental subjects. The experiments were 
of three kinds: 1) Observations of effects of acute adrenal 
insufficiency experimentally provoked by a standard regi- 
men; 2) control observations in two of the subtotally 
adrenalectomized patients who did not develop adrenal 
insufficiency on the standard regimen and in one unop- 
erated hypertensive individual subjected to drastic re- 
duction of sodium intake; and 3) studies of the effects of 
various steroids upon fluid distribution in certain of the 
adrenal-deficient patients. 

Nine of the patients who had previously undergone 
subtotal adrenalectomy were subjected to a standard regi- 
men designed to induce a state of acute adrenal cortical 
insufficiency. 
were admitted to the Metabolic Unit for a six-day balance 
study, which was subdivided into a three-day control pe- 
riod followed by a three-day experimental period. The 
diet and fluid intake were kept constant throughout the 
study, save for a substantial supplement of sodium and 
chloride given to five patients during the control pe- 
riod. Each patient continued during the control period 
to receive his usual steroid replacement therapy (Table 1). 

During the subsequent three-day experimental period 
all steroid therapy was withdrawn, and the constant daily 
diet received by all patients was of standard composition 
in all respects, including its content of sodium (103 to 
118 mEq.) and potassium (75 to 80 mEq.). Daily meas- 
urements were made of serum sodium, chloride, potas- 
sium, protein, and urea; of total urinary sodium, chloride, 
potassium, creatinine, and nitrogen; and of total sodium, 
chloride, potassium, and nitrogen in the stool and vomitus, 
if any. 

The inulin space was measured on the morning of the 
last control day and again in all patients on the morning of 


The procedure was as follows: patients 
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TABLE I 


Patients studied—description and experimental conditions 


Patient Age 


Xs Adrenal insufficiency ‘(Tables II-V) 
H. L. 51 


B. G.* 44 
M. 2° 45 
| A Ag 41 
>. W. 49 
1, Bf 36 
M. 7" 30 
II. Controls (Table VI) 
M. M. 49 
E. M. 37 
F.N. 40 
III. Effect of steroids (Table VII) 
V. 41 


2. &. 33 


Daily intake during control period 


Surface Cortisone DCA 
area (oral) (buccal) 
m? meg meg. 


Sodium 
mig 


~~ 


0 116 
118 
212 
163 
282 
253 
249 


ne ee 
ot IN OO 
NUNN Oo 
mn 


an 


=o 
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een Alea N 
Boe WHR Wh 
—F— 


~ 


* Effect of steroid studied following precipitation of adrenal insufficiency. (Table VII). 


t Steroid effect studied in separate experiment. 
t DCA continued throughout experimental period. 


the third day after hormone withdrawal. In three of these 
patients (B. G, M. R,, and J. C.) the immediate effect 
upon the inulin space of intravenous cortisone, adminis- 
tered over a period of an hour or less, was studied at the 
time of the second inulin space measurement. In S. C., a 
subtotally adrenalectomized patient maintained in good 
health by sodium chloride without steroid therapy, a 
measurement of the effect of intravenous cortisone upon 
the inulin space was made without first attempting to 
induce adrenal cortical insufficiency by salt withdrawal 
(Table VII). 

The balance studies were carried out on an air-con- 
ditioned metabolic ward, the room temperature being 
kept between 70 and 75° F. The diets were specially pre- 
pared in the Metabolic Unit from meats, canned fruits, 
and vegetables bought in uniform lots. 
nitrogen composition of the diets was calculated from 
mean values of multiple analyses performed on repre 


The mineral and 


sentative aliquots. 

Pertinent clinical information concerning the patients 
studied is summarized in Table I. Seven adrenal-deficient 
patients placed on the standard regimen developed sympto- 
matic and chemical evidence of mild to severe acute adrenal 
insufficiency by the end of the third day of hormone with- 
drawal (Tables II to V inclusive). All showed little or 
no response, as judged by the electrolyte balances and uri- 
nary steroid excretion, to an eight-hour intravenous in- 
fusion of 10 units of corticotrophin.4 

Two patients who had had a prior subtotal adrenalec- 
tomy (M. M. and E. M.) failed to develop symptomatic 
or chemical evidence of adrenal insufficiency on the stand- 
ard regimen, and an eight-hour intravenous infusion of 10 
units of corticotrophin was followed by clear-cut evi- 

4 We are grateful to Dr. E. G. Vonder Heide, of Parke- 
Davis and Company, for a generous supply of this material. 


dence of available adrenocortical reserve in terms of elec 
trolyte balances and urinary steroid excretion. These 
data are presented in detail elsewhere (14). 
tients, together with F. 


jected to three days of drastic dietary salt restriction, pro- 


These pa 
N., a hypertensive individual sub- 


vide control observations for comparison with the series 
of patients in whom acute adrenal insufficiency developed 
(Tables I and VI). 

The effect of certain adrenal steroids on fluid distribu 
tion was examined in seven adrenal-deficient subjects. In 
addition to the four experiments in which immediate ef- 
fects of cortisone were studied, the effect of hydrocorti- 
H., the 


effect of substitution of cortisene for desoxycorticosterone 


sone in adrenal insufficiency was observed in M 


in T. S., and the effect of adding desoxycorticosterone to a 
basal ration of cortisone in J. V. The experimental con- 
ditions and results of 


Table VII. 


these studies are presented in 


II. Measurements and calculations 


Measurements were made of the volume of inulin distri 
bution, after Schwartz, Schachter, and Freinkel (15), by 
giving an intravenous priming injection of 2.5 Gm. of inu 
lin followed by an intravenous infusion of the major por 
tion of a solution of 7.5 Gm. inulin in 575 ml. 5 per cent 
After four and 
one-half hours, the bladder was washed out and catheter 


dextrose at a rate of 1 ml. per minute 
urine collections begun for three 20 to 30 minute periods 
Blood samples were collected in the middle of the periods 
for inulin analysis, and the inulin clearance was meas 
ured. Urine was collected for approximately 18 hours 
after the termination of the inulin infusion. From the 
total inulin recovered in this sample and the constant 
plasma inulin, an “uncorrected” inulin space can be cal 
culated. 
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In order to minimize the dead 


A. G. HILLS, 


space error, a “corrected” 


inulin space has been calculated, based upon an arbitrarily 


assumed value of 30 ml. for the volume of the urinary pas- 


sages from glomerulus to bladder : 


where 


E.wer = 


Ing = 


(In)u 


(In)ew 


Ing — .03 & (In), 
(In) ow 


E1ner = 


corrected inulin space in liters 

total inulin in milligrams recovered in the urine 
after stopping the infusion 

concentration of inulin in the urine collected at 
the time infusion stopped in milligrams per liter 


concentration of inulin in serum water during 


T. M. CHALMERS, G. D, WEBSTER, JR., AND 0, ROSENTHAL 


the 
The cor- 


ministration of cortisone was then calculated from 
plasma values prior to the cortisone infusion. 
rection for the pre-cortisone inulin space was based upon 
the urinary inulin concentration in the last pre-cortisone 
clearance period. 

All values for inulin concentration in body water, as 
well as for electrelyte coucentrations, were calculated from 
the serum concentrations and the formula for serum water 
of Eisenman, Mackenzie, and Peters (16) : 

(H20), = 0.986 — 0.00745P 


where P is serum protein in grams per 100 milliliters and 
(H,O), is serum water in kilograms per liter of serum. 
Values for electrolyte in the inulin space were obtained 


as follows: the interstitial water concentrations were cal- 
culated as plasma water values to which, in the case of 
sodium and chloride, the Donnan factor correction (0.95) 


the clearance periods in milligrams per liter 


In the experiments in which the immediate effect of 


i< . . lie 2 2 ¢ s_rs “— sriad re . one . 
cortisone was studied, three extra clearance periods wer« was applied. The extracellular water concentrations of 
performed while intravenous cortisone was being infused. a4] electrolytes were calculated as follows: 
The inulin space, as affected by cortisone, was calculated 

’ y , 
(Claw + 


(Cl) cow _ 4 A 


from the total inulin recovered and the plasma inulin dur- 
The present in the 


body just prior to cortisone administration was obtained 


ing the cortisone infusion. inulin 
where 

: i Pics gage extracellular water 
from the total inulin recovered by deducting the inulin in 

, » . ° . , sw = serum water 
fused, and adding the inulin recovered in the urine, during 


the cortisone infusion, The inulin space prior to the ad 


and 
isw = interstitial water 
TABLE IT 
Effect of acute adrenal insufficiency—serum values and inulin space measurements before and two days after 
hormone withdrawal in adrenal-deficient patients 


Inulin 
clearance* 


Concentration in extra- 


Serum concentrations* cellular water* Inulin space 


Protein Na Cl +S.E.M. 


K Eyn* AE 
Gm, mEgq./ miEq./ mEq./ 
% I L 3 


Patient 


liters liters 


108.2 8.6 
99.3 §. A 


HLL 3 13% 97 


5 d 36 
98 sO: : 


40+ 5.5 


99 
100 


99 
99 


110.8 . 6 
110.8 95 9 


98 
98 


109.4 4. 7.5 77 
81 5 


109.5 Fi 2 


50 
45 


115.6 
115.9 


104 
104 


107. | ' ; Hi S33 x 
1035S. ‘ ! 4. : 5. 3! 74 


14 106 _——sSS:. : 6. ’ : § x 
1440 «103 Se 4.0 4. WH ; x 
95 
89 


136 


130 48 





* Experimental values appear below their controls. 

t Serum urea calculated from blood urea, hemoglobin, and serum protein in H. L., B. G. and M.R.; measured in 
the other patients. 

t Clearance not obtained. 

§ Clearance not obtained. 
determinations. 


Estimated dead space correction based on urine flow. 
Estimated dead space correction equivalent to 0.5 liter inulin space deducted from both 
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TABLE IV 


Calculated change of chloride space and calculated net internal transfers of electrolytes from the 
chloride space in acute adrenal insufficiency 


hange 


AE;* 
liters 


ANag,;t 


Patient mq 


H.-L +0.2 
B (5. 

M.R 

.C 
S. W. 
os 

M.H. 


— .69 
.184 

t 3.75 
- <.01 


* Calculated change of chloride space. 

7 Total sodium in the chloride space. 

t Total potassium in the chloride space. 

§ Minus values indicate transfers into chloride space. 


on the assumption that the serum water represented 25 
per cent of the total extracellular water. Electrolyte in 
the inulin space (Table III) is the product of the inulin 
space in liters times the concentration of electrolyte in ex- 
tracellular water in milliequivalents per liter. The change 
in chloride space (Alc,) was calculated from the chloride 
balance and extracellular chloride concentration (17) on 
the assumption of an initial chloride space equal to the ini- 
tial measured inulin space: 
— Ein, (CDoow, + ber 
(Cl) cows 

AEq = Ec, — Ein, 

where 


ky le * 


final chloride space in liters 


Ein, = initial inulin space in liters 


(Cleow, 


initial extracellular water chloride concentra- 
tion in milliequivalents per liter 


(Cl)cows = final chloride concentration in extracellular 


water in milliequivalents per liter 


be: = external balance of chloride in milliequivalents 


The water balance was calculated, with one exception, 


according to the formula of Lavietes (18): 


AW = W, + G@ — S) +Ci + Fa + 3.38 Ne 


where S, is solids of the excreta, S; solids of the ingesta, 
C, carbohydrate ingested, Ff) fat burned, and Na urine 
nitrogen, all in grams. 

Solids of the stool, fluid intake, and solid food were 
measured by desiccation to constant weight in an oven 
at 100° C 
cient (19): 


Urine solids were calculated by Long's coefii 


Urine solids (Gm.) = 2.66 X last two figures of urinom- 


eter reading X urine volume in liters 


Transferred out of 
chloride space 


by, — ANaci§ 
miiq. mEq 

21 42 

— 1 12 

32 35 
—13 17 
—67 24 
56 45 

88 32 


bx, —4Kg, 








17 29.5 
4.69 
6.31 


Non-significant <.001 


The fat burned was calculated according to the formula 
of Lavietes (18): 
_ IL — 2.12 Ci; — 10.6 Nu 


F 3.78 


where IL is the insensible loss of weight. 

“Electrolyte unaccounted for” represents the algebraic 
difference between the change in the product of inulin 
space times extracellular water concentration of the re- 
spective electrolytes, and the net loss or gain of the cor- 
responding electrolyte, measured as the external bal- 
The balances were calculated from 7 A.M. to 7 A.M. 
of the days on which the inulin space was measured, and 
the extracellular water concentration was calculated from 
7 A.M. plasma values on those days. K’ 


ance. 


represents po- 
tassium moving independently of the catabolism or anabo- 
lism of tissues, and is derived from the potassium and ni- 
trogen balances: 

bx: = bx — (2.4 by) 
where 


bx = potassium balance in milliequivalents 
and 
by = nitrogen balance in grams (17) 


The statistical methods employed are described by 
Snedecor (20). 


III. Chemical methods. 


Inulin determinations were made by the method of 
Harrison (21). Sodium and potassium were determined 
on a flame photometer with internal lithium standard (22 
The following methods were used for the other chemical 
analyses: chloride, Eisenman’s modification (23) of the 
Van Slyke method ; creatinine, Bonsnes and Taussky (24) ; 
urea, Karr (25); urine nitrogen and (in some instances) 


5 We wish to thank Dr John G. Reinhold and Dr. J. 
Kapp Clark for the performance of some of these analyses 
in their laboratories. 
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TABLE V 


Net internal transfers of water out of inulin space and chloride space in acute adrenal insufficiency 








Body weight 
(control) 
Patient Kg. 


AW* AW 


AE;yt AW — AEG, 
liters 


liters liters 





i. 1. 64.88 
B..G. 57.03 
M.R. 71.46 
fa 53.03 
S. W. 88.24 
ines 84.48 
i es F 43.93 


Mean - 
S.E.M. 

i! Non- 

P significant 








* AW = Calculated change of total body water. 


' 28 
46 

50 

- .20]| 

80 

.63 

64 


+.48 
+ .16 
— A4O§ 
— .90 
0 
—.57 
— 46 


— NU a 
CO bh we OH XAa77 


—.24 
Non- 


significant 


~ 
w 
w 


44 
2 


wn 
mn 


wl 
3.58 
<.02 


— 
a 


t AW — AEw = Net transfer of water out of the inulin space. 
YAW — AEc: = Net transfer of water out of the chloride space 


§ AW = AWt. 


(Stool solids not measured.) 


|| Minus values indicate net transfer into the chloride space. 


serum protein by a micro-Kjeldahl method using a selenium 
catalyst and boric acid titration; serum protein in other 
instances by the method of Wolfson, Cohn, Calvary, and 
Ichiba (26). 

RESULTS 


Direct observations, derived data, and inter- 
pretive calculations are presented in Tables II to 
VIII inclusive. 


A, Effects of acute adrenal insufficiency 


A large decrease in the volume of distribution of 
inulin was uniformly observed, amounting to 
26.1 + 3.25 per cent (Table II).° Net external 


6If, during the precipitation of acute adrenal insuffi- 
ciency, there occurred a reduction of inulin clearance to 
such an extent that the recovery of inulin in the 18-hour 
urine collection was notably less during this second meas- 
urement of the inulin space as compared with the control, 
a factitial decrease of the inulin space would result. To 
evaluate this possible source of error, inulin recovery was 
separately determined in two of the subjects in whom inu- 
lin clearance was in the range of the lowest values ob- 
served in the group. In these two patients (T. S. and 
J. C.) recoveries of 94 per cent and 93 per cent were ob- 
tained at 18 hours with inulin clearances of 47 +1 and 
67 +1 ml. per min., respectively. Even a decrease from 
normal to half the normal filtration rate or less between 
measurements would therefore occasion an error of only 
about 7 per cent. However, the control values them- 
selves (Table II) were already markedly subnormal— 
somewhat, though not strikingly, lower than is expected in 
Addison's disease (27, 28) ; and since the decreases of fil- 
tration rate in adrenal insufficiency were never large 
(Table II), it is difficult to suppose that a factitial de- 
crease of the inulin space could have amounted to more 
than 1 or 2 per cent in these experiments. 


water loss, when it occurred, was never large 
enough to account for the decrease of the inulin 
space (Table V). 
to be discussed one may regard the change of the 


Ignoring certain reservations 


inulin space corrected for external water balance 
(AW — AE, Table V) as a measure of water 
transferred in adrenal 
pearing from the inulin space into some other com- 


insufficiency, 1.e., disap- 


partment of body water. 

Concentrations of electrolytes and urea nitrogen 
in serum and extracellular water on the day of the 
inulin space determinations are given in Table II, 
and in Table III are shown calculated total sodium, 
chloride, and potassium in the inulin space at the 
time of each measurement (Nay, Clyy, Kyy, Table 
III). Calculated net change in these quantities in 
association with acute adrenal insufficiency is also 
shown in Table III, and this change is compared 
with net external losses of sodium and chloride 
and the net external gain of potassium over the 
same period (bya, bei, bx, bx’). 
“transferred” again represents the 
change of electrolyte in the inulin space corrected 
for external balance. 

A lesser but still significant calculated decrease 
of the chloride space was observed (AEq, Table 
IV). 
tassium in the chloride space is also shown (ANagy, 
AKg, Table IV). 


the chloride space, calculated exactly as in the 


Klectrolyte 
calculated 


Calculated change of total sodium and po- 
Significant “transfers” from 


case of the inulin space, are indicated for water 
(AW — AEq, Table V) and for potassium (bx — 
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AKo;, Table IV), but not for sodium (by, — 
ANaq, Table IV). 


B. Control observations 


In Table VI are presented data indicating that 
reduction of dietary salt in the manner employed 
in the standard regimen, with or without with- 
drawal of cortisone, is not followed by decrease of 
the inulin space when adrenal insufficiency does not 
ensue owing to the availability of adrenocortical 
reserve; and further that extreme reduction of 
dietary sodium did not in three days result in dimi- 
nution of the inulin space in an individual possess- 
ing adequate adrenocortical function. 


C. Effects of steroids 


The data in Table VII indicate that cortisone, 
hydrocortisone, and desoxycorticosterone are all 
capable of effecting changes in fluid distribution in 
a fashion contrary to the effects of acute adrenal 
insufficiency. Thus, the substitution of cortisone 
(75 mg. daily) for desoxycorticosterone (6 mg. 
daily) produced in T. S. a small increase in the 
inulin space; the addition of desoxycorticosterone 
to cortisone a larger increase in J. V.; whereas a 
very large increase of the inulin space was ob- 
served when hydrocortisone was administered to 
M. H. at a time when the patient was in a state of 
acute adrenal insufficiency. Smaller increases in 
the chloride space were observed in these three 
patients. In two out of three patients (B. G., 


HILLS, T. M. CHALMERS, G. D. 


WEBSTER, JR., AND 0. ROSENTHAL 


M. R., and J. C.) who were in a state of acute 
adrenal insufficiency increases of the inulin space 
were observed in less than one hour following ad- 
ministration of cortisone iatravenously. 


DISCUSSION 


The observations reported in this communica- 
tion show that external water loss is neither a con- 
spicuous nor a constant feature of acute adrenal 
Internal transfers of water 
are, however, regularly indicated; and external 
loss of sodium and chloride appears to be over- 
shadowed by the internal transfers of these ions 
which accompany the condition. The measure- 
ments also disclose that such internal transfers reg- 
ularly precede the development of hyponatremia, 
for in five patients no abnormal decrease of serum 
sodium concentration had supervened at the time of 
the second (experimental) measurements. There- 
fore, while it is presumably true that hyponatremia 
of the extracellular fluid, when it occurs, will oc- 
casion osmotic transfer of water into cells, hypo- 
natremia clearly was not the important initiator of 
the transfers observed in these patients. 

On the other hand hyponatremia cannot be re- 
garded as a simple consequence of the fluid trans- 
fers, since, on any interpretation of the data, more 
water than sodium is transferred out of the extra- 
cellular compartment. Net external loss of so- 
dium is, however, relatively much greater than net 
external water loss (by,, Table III ; AW, Table V). 


insufficiency in man. 


TABLE VI 


Salt and hormone withdrawal without resulting adrenal insufficiency—inulin space measurements 


Control 
Daily ration 
Dietary 


sodium 
mEq. 


Corti- 
sone 


Patient Diagnosis meg. 








Experimental 


Daily ration 





Inulin space* 
Duration E.w 
liters 


Corti- Dietary 
sone sodium 
mg. mEq. days 


Alen 
liters 





M. M. Hypertension ; 4 175 
prior subtotal 

adrenalectomy ; 

positive ACTH 

response 


Hypertension ; 
prior subtotal 
adrenalectomy ; 
positive ACTH 
response 


Hypertension ; 
no surgical 
treatment 


0 108 2 8.6 
9.1 +0.5 





* Experimental values appear below their controls. 





‘OD pue yDU2y JO yod|y 19W]q ‘Iq Aq payddns osye ‘autres a180jorsAyd ur joyooye aa1j aUOSIZIOZ § 

Ot) pure Yep Jo ysodsy sowyy “3q Aq peyddns Ajpury ‘gs0u3x9p quad sod ¢ ul JOYORe dary QUOSTZIOIOIpPALY J 
-goeds ulfnul Jo 3No ssajsues} JUasaidas sanjea snuryy } 

*s]012U0D JI9y} MOTE seadde sanyRA [e}UaUTUAdXY 





oor! 
olel 


AA 


ttl ; | i | 
t7ti ‘ j UrUr Os | 


ww 


s “etl | 
709 ttl ; 4 urul £9 
“etl 


9011 | | ae 
| rea’ i 4 | UTIL OF 


| 928 


AA AA 


1€26 | 6L¢ ° | | ¢°OEI 
L389 > | | tel i j PTE } } “44 91 


6191 | | $661 | S'Stl 
lz | SZL1| E'S | Viel zt | | p/se | “34 87 


£7 001+ | est7+| ooer | 1zet+| $221 ‘s | o1or | seer et, 
| | 1Z £Set | : | 6 sol * Sel esi I | “34 St £St 


“‘Dayme “byw "De 5, | *Ds | Days [Ome j°Ds | Dey? aque | “Ds |-Dey ue 5 “7 Baul] Daye) S4azsy | | saajsy | “Baym | 
| j wititpos 


“byw 
Sie —_ : : eN | NV Lev i N eN | 1D eN | Sav lg | av E} ; ‘3m | non me 
| 


Zz 
° 
_ 
2) 
=a 
= 
Ke 
wn 
a 
& 
bt 
4 
— 
ro) 
a 
oO 
a 
— 
w 
a 
z 
< 
= 
bw 
BK 
< 
= 
a 
A 
< 


re: ong 











ay —Ni Are E 
x19 IOV -3a1p wing | -ya1p : 
Apeq | | sea Aue | ay waned 








i 
jaceds urjnat | 
OWU! JaysueI} ION 


e19}JBM JE[NITI saoeds ulynur pue 
-B1}Xe Ul UOT}BIQUGIUO a@pruo[yo jo aBueysD 





g20bds UTTNUT ay} UI 924]01}D9qq 


poised fejusuiedxy poised jomu0y 





CORTEX 








uorngrastp piny uo spro4sajs snorana fo yoa fT 
HA aTaVL 


ADRENAL 





1244 A. G, 


TABLE VIII 


Calculated transfers of water and electrolyte out of the inulin 
space but not out of the chloride space in 
acute adrenal insufficiericy 


AE, i 4Ko; 


liters 


SE 


ANag,~A4Nayy bey ~4Clyg 
mq mEq 


175 144 
199 154 
158 128 6 
285 245 
626 §25 26 
260 205 10 
162 116 7 


Patient 


im 
B. G. 
M.R. 
A, oF 
S. W. 
‘tsa 
M.H. 
10.4 
2.6 
4.00 
<.01 


216.7 

54.2 
4.00 
<.01 


266.4 

62.7 
4.25 
<.01 


Mean 1.89 
S.E.M. AS 
t 4.20 
r <.01 


It would, therefore, appear that hyponatremia, 
when it occurs in acute adrenal insufficiency, is as- 
cribable primarily to renal wastage of sodium. 
The effectiveness of net external loss of sodium 
in reducing the concentration of sodium in extra- 
cellular fluid would, however, be enhanced by any 
concurrent depletion of the volume and total so- 
dium content of extracellular fluid brought about 
by internal transfers of fluid. 

The plan of the experiments in which steroid was 
withdrawn from adrenal-deficient patients was de- 
signed to disclose information concerning acute 
adrenal insufficiency.?” Our reported observations 
may well not be applicable to subacute or chronic 
adrenal insufficiency resulting from a more pro- 
longed and less severe lack of hormone in relation 
to requirement ; and indeed weight loss is generally 
regarded as a cardinal and even indispensible fea- 
ture of the latter conditions. 

Withdrawal of replacement steroid from the 
adrenal-deficient subject is a valid method for the 
experimental study of adrenal insufficiency, and 
indeed the only feasible way to study uncompli- 
cated acute adrenal insufficiency. Since the pa- 
tients were receiving during the control period ap- 
proximately the minimum exogenous hormone 
capable of maintaining their well-being, it is proper 
to emphasize that the fluid transfers observed are 

7 There is need in endocrinology for two terms which 
will be generally acceptable as expressing two distinct con- 
cepts: 1) lack of functioning endocrine tissue, and 2) 
physiologic consequences resulting from such lack. In 
this communication, for want of better terminology, we 
understand by adrenal 
tributable to lack of adrenal hormone in relation to need, 
and by adrenal deficiency, simple deficit of adrenal tissue. 


insufficiency, manifestations at 
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not to be regarded as effects of withdrawal of 
steroids exhibited in pharmacologic quantity. The 
transfers were observed whether or not dietary 
salt was reduced when hormone was withdrawn 
(Table 1). Similar transfers did not accompany 
drastic dietary salt reduction in the hypertensive 
subject with intact adrenal glands; nor have they 
occurred, under the standard conditions employed 
in the present series, in subtotally adrenalectomized 
subjects manifesting evidence of adrenocortical re- 
serve (Table VI). They are therefore, so far as 
can be determined by the available data, a specific 
effect of acute adrenal insufficiency. They are 
moreover preventable or reversible indiscriminately 
by desoxycorticosterone, hydrocortisone, or corti- 
sone; and the latter compound, at least, can ap- 
parently moderate or even rectify the abnormal 
fluid distribution of acute adrenal insufficiency 
within as short a time as an hour (Table VII). 
There is little reason to suppose that the coex- 
istence of vascular disease modified the effects of 
induced acute adrenal insufficiency upon fluid dis- 
tribution in these patients, though of course this 
possibility may be kept in mind. Certainly the 
changes observed are quite similar to those re- 
ported in normal dogs (5,6). Gaudino and Levitt 
(5) indeed reported much larger percentile de- 
creases of the inulin space in dogs developing acute 
adrenal insufficiency ; the difference may well be as- 
cribable to a difference in the severity of acute 
adrenal insufficiency which was permitted to de- 
velop in canine and human subjects, respectively. 
More precise characterization of the fluid and 
electrolyte transfers which occurred in these pa- 
tients depends upon the anatomical boundaries 
which are to be assigned to the volumes of distribu- 
tion of inulin and of chloride. Although the vol- 
umes of distribution of these substances have both 
been extensively used as approximations of extra- 
cellular fluid volume, objections have been urged 
against the use of each method for this purpose, 
and definition of the anatomical boundaries cor- 


responding to these volumes is a matter of con- 


troversy. 

Chloride is admittedly present in the cells of 
certain tissues (29, 30); the justification for the 
use of its volume of distribution as a measure of 
extracellular fluid volume must therefore rest upon 
the premise that intracellular chloride is either so 
small in quantity as compared with extracellular 
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chloride, or that the quantity of exchangeable in- 
tracellular chloride changes so little under the 
conditions of any particular study, cr both, that 
the error in estimating extracellular fluid changes 
as the change of the chloride space is small. Has- 
tings (30) reviewed the extensive though neces- 
sarily indirect evidence which led to rather general 
acceptance of such assumptions. Conclusive di- 
rect evidence as to the quantity, and of the stability 
of cell chloride under pathological circumstances, 
is nevertheless lacking. It has been maintained 
(31) that a very large proportion of total body 
chloride—as much as a third—is intracellular ; but 
the chief support for this contention is derived 
from unqualified acceptance of the identity of ex- 
tracellular fluid volume and the volume of distribu- 
tion of inulin—an assumption which is itself open 
to question, 

When inulin is administered to man by the 
technique employed in these experiments, equi- 
librium distribution in a virtually constant limiting 
fluid volume is said to be attained (in the absence 
of abnormal fluid collections) at the end of a five- 
hour infusion, This finding, together with evi- 
dence that inulin does not pass cell membranes, 
affords the chief basis for the view of some in- 
vestigators (15, 32, 33, 34) that the inulin space 
corresponds to extracellular fluid volume. It is not 
clear, however, that any satisfactory evidence has 
been cited to exclude the possibility that the vol- 
ume of distribution of inulin may correspond to a 
subcompartment of the extracellular fluid. Nich- 
ols, Nichols, Weil, and Wallace (35) concluded, 
on the basis of analytical studies of particular tis- 
sues following inulin administration to dogs, that 
the inulin space is a less satisfactory measure of 
extracellular fluid volume than the chloride space, 
owing to deficient penetration of inulin into con- 
nective tissue. One may accordingly entertain the 
alternative view that the chloride space comprises 
the entire inulin space and in addition includes a 
connective tissue compartment exhibiting essen- 
tially the chemical characteristics of extracellular 
fluid modified by the presence of connective tissue 
proteins. 

If the inulin space is accepted as a valid meas- 
urement of extracellular fluid volume,* the data 


§ On this assumption, it is not possible for any effects of 


a disease state on cell permeability to produce a factitial 
decrease of the inulin space, since, according to hypo- 
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would indicate intracellular migration of large 
quantities of water, sodium, chloride, and potas- 
sium in acute adrenal insufficiency, the quanti- 
ties transferred into cells being given by deducting 
from the total decrease of the inulin space and its 
contained ions the net external loss of these sub- 
stances (AW — AEyy, Table V; by, — ANayy and 
be: — AChy, Table III) or adding the net external 
gain (bx — AKyy, Table III). A significant ex- 
cess of sodium over chloride is transferred (trans- 
ferred Na — Cl, Table III). 


approximately the proportion of their relative con- 


These ions move in 


centrations in extracellular fluid; while potassium 
and water, according to their proportions in ex- 
tracellular fluid relative to sodium or chloride, are 
transferred in excess. Transfers in the opposite 
sense would be effected by adrenal steroids (Table 
VII). 

If, on the other hand, the chloride space affords 
a valid approximation to extracellular fluid volume, 
and if it exceeds the inulin space by virtue of includ- 
ing a large volume of connective tissue water, the 
interpretation of the data is somewhat more com- 
plex. The decrease of the chloride space, and of the 
calculated sodium and potassium of the chloride 
space, after correction for external balance, will rep- 
resent transfers into the cellular compartment (AW 
— AE, Table V ; by, — ANaci, bx’ — AKq, Table 
IV). 


of the decrease of the chloride space will represent 


The decrease of the inulin space in excess 


transfer of fluid out of the inulin space, but not out 
of the chloride space (Ag, — AEyy, Table VIIT) °; 


thesis, there is normally no penetration beyond the extra 
cellular phase throughout which inulin is homogeneously 
diffused. Any abnormal penetration of inulin into cells 
would cause a factitial increase of the apparent inulin 
space. 

® An alternate interpretation of the discrepancy between 
the magnitudes of change of the inulin space and the chlo- 
ride space would ascribe to adrenal hormones an effect 
upon the penetrability to inulin of the connective tissue. 
On this view, it would be supposed that in adrenal in 
sufficiency inulin gains access to connective tissue water 
to a much lesser extent than in the normal individual, so 
that the apparent decrease of the inulin space would be 
artifactual. There is no way to exclude this possibility ; 
but it must be said that one is still confronted with the 
necessity of attributing to adrenal hormones profound 
effects upon the physicochemical state of collagen, and 
that the internal transfers of fluid as calculated on the 
basis of the chloride space are not brought into question 
by this hypothesis 
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and the calculated electrolyte losses from the inu- 
lin space in excess of electrolyte losses from the 
chloride space wi!l similarly represent transfer of 
these ions out of the inulin space, but not out of 
the chloride space (ANag, — Najy, be — AChy, 
AKe, — SKix, Table VIII). According to the 
hypothesis, the figures will express the magnitudes 
of transfer of water and electrolytes from the 
inulin space into connective tissue. 

If this interpretation of the data is adopted, the 
figures imply that in every instance the bulk of 
the fluid transfer in acute adrenal insufficiency is 
attributable to increased hydration of the connec- 
tive tissue brought about by movement of water, 
sodium, chloride, and potassium in quantities 
closely corresponding to their relative proportions 
in extracellular fluid. Movement into the cellular 
compartment of water and of large amounts of po- 
tassium, without transfer of sodium, would also be 
implied. 

This second interpretation of the data agrees with 
reports based on tissue analysis, in that the sodium 
apparently transferred from extracellular fluid in 
adrenal insufficiency could never be found in the 
cells of any of the soft tissues examined (skeletal 
muscle, heart muscle, liver and kidney), and would 
suggest the connective tissue as the site of the 
missing sodium. The agreement was perhaps to 
be expected, inasmuch as the chloride space was 
used as the measure of extracellular fluid volume 
when calculations of cell composition were applied 
to the reported tissue studies. Direct chemical 
analysis of the connective tissue of animals dying 
in acute adrenal insufficiency would be of great 
interest. If a greatly increased content of water 
and sodium of this tissue were found to accompany 
adrenal insufficiency, support would be provided 
for the utility of simultaneous estimates of the 
changes in inulin and chloride space in studying 
fluid distribution in the intact organism, and for 
the view of Nichols et al. that the inulin space 


does not include some of the plasma-ultrafiltrate 


phase of connective tissue water. Ludwig, Chen, 
and Soffer (36) have observed that the hydration 
of connective tissue is affected by certain steroid 
hormones; and adrenal cortical regulation of the 
hydration of connective tissue would be a matter 
of considerable interest in view of the spectacular 
effects of cortisone upon diseases affecting col- 
lagenous tissue. 


D, 
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SUMMARY 


1. Acute adrenal insufficiency induced in seven 
adrenal-deficient patients was attended by a sig- 
nificant decrease of the chloride space (calculated ) 
and a much larger decrease of the inulin space 
(measured). 

2. The calculated net loss of potassium and water 
from the chloride space, and of sodium, chloride, 
potassium, and water from the inulin space, could 
Internal 
transfers of fluid and electrolytes, therefore, ac- 


not be attributed to net external loss. 


company acute adrenal insufficiency in man. 

3. Interpretation of the nature of the observed 
transfers depends upon the anatomical boundaries 
to be assigned the volumes of distribution of chlo- 
Alternative interpretations of 
the data are presented. 


ride and of inulin. 


and 
cortisone are all individually capable of preventing 


4. Desoxycorticosterone, hydrocortisone, 


or correcting the abnormal distribution of body 
fluid characteristic of acute adrenal insufficiency ; 
in the case of intravenous cortisone, corrective ef- 
fects may be observed within an hour. 


ACKNOWLEDGMENTS 


We wish to express our thanks to Drs. J. Russell EI- 
kinton and William A. Jeffers for their helpful advice 
and support. 

We are indebted, also, to Miss Helen Merton, Mrs. 
Cynthia Henderson, and the nursing staff of the Meta- 
bolic Unit, and to Miss Marie Wackermann, who was 
wholly responsible for the dietary management. Miss 
Catherine Macatsoris, Mr. William Luetzell, Mrs. Kathryn 
Boyer, and Miss Virginia Alexa contributed technical 
assistance. 

Dr. William Fitts performed the adrenalectomy in S. 
W.,; all the other adrenal resections were done by Dr. 
Harold A. Zintel. 

Maintenance of hormone therapy for our postadrenal- 
ectomy patients has been supplied gratis through the kind- 
ness of Drs. Elmer Alpert and Augustus Gibson of Merck 
and Company (cortone®) ; Dr. F. L. Mohr, of Ciba Phar- 
maceutical Products, Inc. (percorten®); and Dr. R. W. 
Burlew, of Schering Corporation (cortate®). 


REFERENCES 

1. Swingle, W. W., Pfiffner, J. J.. Vars, H. M., and 
Parkins, W. M., The effect of fluid deprivation and 
fluid intake upon the revival of dogs from adrenal 
insufficiency. Am. J. Physiol., 1934, 108, 144. 

2. Swingle, W. W., Parkins, W. M., Taylor, A. R., and 
Hays, H. W., Relation of serum sodium and chlo- 
ride levels to alterations of body water in the in- 
tact and adrenalectomized dog, and the influence 





ADRENAL CORTEX AND WATER AND 


of adrenal cortical hormone upon fluid distribution. 
Am. J. Physiol., 1936, 116, 438. 

. Swingle, W. W., Parkins, W. M., Taylor, A. R., and 
Hays, H. W., A study of water intoxication in the 
intact and adrenalectomized dog and the influence 
of adrenal cortical hormone upon fluid and electro- 
lyte distribution. Am. J. Physiol., 1937, 119, 557. 
. Swingle, W. W., Parkins, W. M., Taylor, A. R., and 
Hays, H. W., The influence of adrenal cortical 
hormone upon electrolyte and fluid distribution in 
adrenalectomized dogs maintained on a sodium and 
chloride free diet. Am. J. Physiol., 1937, 119, 684. 
. Gaudino, M., and Levitt, M. F., Influence of the 
adrenal cortex on body water distribution and re- 
nal function. J. Clin. Invest., 1949, 28, 1487. 

>». Flanagan, J. B., Davis, A. K., and Overman, R. R., 
Mechanism of extracellular sodium and chloride 
depletion in the adrenalectomized dog. Am. J. 
Physiol., 1950, 160, 89. 

. Harrison, H. E., and Darrow, D. C., The distribution 
of body water and electrolytes in adrenal insufh- 
ciency. J. Clin. Invest., 1938, 17, 77. 

. Darrow, D. C., Harrison, H. E., and Taffel, M., Tis- 
sue electrolytes in adrenal insufficiency. J. Biol. 
Chem., 1939, 130, 487. 

. Muntwyler, E., Mellors, R. C., Mautz, F. R., and 
Mangun, G. H., Electrolyte and water equilibria in 
the dog. II. Electrolyte and water exchange be- 
tween skeletal muscle and blood in adrenal insuffi- 
ciency. J. Biol. Chem., 1940, 134, 367. 

. Buell, M. V., and Turner, E., Cation distribution in 
the muscles of adrenalectomized rats. Am. J. 
Physiol., 1941, 134, 225. 

. Swingle, W. W., and Remington, J. W., The role of 
the adrenal cortex in physiological processes. 
Physiol. Rev., 1944, 24, 89. 

. Stern, T. N., Cole, V. V., Bass, A. C., and Overman, 
R. R., Dynamic aspects of sodium metabolism in 
experimental adrenal insufficiency using radioactive 
sodium. Am. J. Physiol., 1951, 164, 437. 

. Overman, R. R., Sodium, potassium and chloride al- 
terations in disease. Physiol. Rev., 1951, 31, 285. 

. Hills, A. G., Webster, G. D., Rosenthal, O., Dohan, 
C. F., Richardson, E. M., Zintel, H. A., and Jeffers, 
W. A., Quantitative evaluation of primary adrenal 
cortical deficiency in man. Am. J. Med., (In press). 
. Schwartz, I. L., Schachter, D., and Freinkel, N., The 
measurement of extracellular fluid in man by means 
of a constant infusion technic. J. Clin. Invest., 1949, 
28, 1117. 

. Eisenman, A. J., Mackenzie, L. B., and Peters, J. P., 
Protein and water of serum and cells of human 
blood, with a note on the measurement of red blood 
cell volume. J. Biol. Chem., 1936, 116, 33. 

. Elkinton, J. R., and Winkler, A. W., Transfers of in 
tracellular potassium in experimental dehydration. 
J. Clin. Invest., 1944, 23, 93. 

. Lavietes, P. H., The metabolic measurement of the 
water exchange. J. Clin. Invest., 1935, 14, 57. 


. Wolfson, W. Q., Cohn, C., Calvary, E., and Ichiba, F 


ELECTROLYTE DISTRIBUTION 1247 


Long, J. H., On the relation of the specific gravity of 
urine to the solids present. J. Am. Chem. Soc., 1903. 
25,207; 


. Snedecor, G. W., Statistical Methods Applied to Ex- 


periments in Agriculture and Biology, ed. 4, Ames. 
Iowa State College Press, 1946 


. Harrison, H. E., A modification of the diphenylamine 


method for determination of inulin. Proc. Soe. 
Exper. Biol. & Med., 1942, 49, 111. 


. Wallace, W. M., Holliday, M., Cushman, M., and EI- 


kinton, J. R., The application of the internal stand- 
ard flame photometer to the analysis of biologic 
material. J. Lab. & Clin. Med., 1951, 37, 621. 


3. Eisenman, A. J., A note on the Van Slyke method for 


the determination of chlorides in blood and tissue. 
J. Biol. Chem., 1929, 82, 411. 


. Bonsnes, R. W., and Taussky, H. H., On the colori 


metric determination of creatinine by the Jaffe re- 
action. J. Biol. Chem., 1945, 158, 581. 


. Karr, W. G., A method for the determination of blood 


urea nitrogen. J. Lab. & Clin. Med., 1924, 9, 329. 
Studies in serum proteins. A rapid procedure for 
the estimation of total protein, true albumin, total 
globulin, alpha globulin, beta globulin, and gamma 
globulin in 1.0 ml. of serum. Am. J. Clin. Path., 
1948, 18, 723. 


27. Talbott, J. H., Pecora, L. J., Melville, R. S., and 


Consolazio, W. V., Renal function in patients with 
Addison’s disease and in patients with adrenal in- 
sufficiency secondary to pituitary pan-hypofunc- 
tion. J. Clin. Invest., 1942, 21, 107. 


. Waterhouse, C., and Keutmann, E. H., Kidney fune- 


tion in adrenal insufficiency. J. Clin. Invest., 1948, 
ai, ola 

Manery, J. F., and Hastings, A. B., The distribution 
of electrolytes in mammalian tissues. J. Biol 
Chem., 1939, 127, 657. 


. Hastings, A. B., The electrolytes of tissues and body 


fluids. Harvey Lect., 1940-41, 36, 91 


. Steele, J. M., Body water. Am. J. Med., 1950, 9, 141. 
. Gaudino, M., Schwartz, I. L., and Levitt, M. F., Inu- 


lin volume of distribution as a measure of extra 
cellular fluid in dog and man. Proc. Soc. Exper. 
Biol. & Med., 1948, 68, 507. 


. Gaudino, M., and Levitt, M. F., Inulin space as a 


measure of extracellular fluid. Am. J. Physiol., 
1949, 157, 387. 


. Levitt, M. F., and Gaudino, M., Measurement of body 


water compartments. Am. J. Med., 1950, 9, 208 


. Nichols, G., Jr., Nichols, N., Weil, W. B., and Wal- 


lace, W. M., The direct measurement of the extra 
cellular phase of tissues. J. Clin. Invest., 1952, 31, 
652. 


. Ludwig, A. W., Chen, D. K., and Soffer, L. J., The 


relationship between connective tissue mucopoly- 
saccharide content and tissue electrolyte composi 
tion. J. Clin. Endocrinol. & Metab., 1952, 112, 965. 





ERYTHROCYTE METABOLISM. 


THE METABOLIC BEHAVIOR 


OF THE CHOLESTEROL OF HUMAN ERYTHROCYTES! 


By IRVING M. LONDON 2 ann HAIYIM SCHWARZ 


(From the Department of Medicine, Columbia University, College of Physicians and Surgeons 
and the Presbyterian Hospital, New York, N. Y.) 


(Submitted for publication July 21, 1953; accepted August 11, 1953) 


In the course of studies on the ageing process in 
the human erythrocyte, we have investigated the 
metabolic behavior of the cholesterol of the eryth- 
rocyte. This study was designed to determine 
whether the cholesterol of the human erythrocyte 
is in the dynamic state (2), or whether the choles- 
terol is incorporated into the newly formed eryth- 
rocyte and remains with the cell throughout the 
cell’s life span, as does hemoglobin (3-6). 

A previous study (7) has shown that the cho- 
lesterol of the plasma is in the dynamic state. The 
rate of entry of cholesterol into the plasma of the 
circulating blood was measured by determining the 
rate at which deuterium is incorporated into the 
cholesterol of the plasma when an elevated concen- 
tration of deuterium in the body water is main- 
tained at a steady level by repeated administration 
of deuterium oxide. In the studies described in 
this report, the same technique has been employed 
and the concentrations of deuterium in the choles- 
terol of the erythrocytes and of the plasma have 
been compared. Since the cholesterol of the plasma 
is in the dynamic state, the finding of a similar 
rate of turnover and a similar pattern of concentra- 
tions of deuterium in the cholesterol of the erythro- 
cytes would favor the conclusion that the choles- 
terol of the erythrocytes is also in the dynamic 
State. 

The subjects of this study were a patient with 
the nephrotic syndrome and a patient with xan- 
thomatosis tuberosum multiplex. A discussion of 
the mechanisms involved in the maintenance of 
hypercholesterolemia in these conditions is beyond 

1 This work was presented in part before the American 
Society for Clinical Investigation at Atlantic City, May 
1951 (1). The work was supported by a grant from the 
American Cancer Society on the recommendation of the 
Committee on Growth of the National Research Council 
and by a grant from the Office of Naval Research. 

2 Part of this work was performed during the tenure of 
a Welch Fellowship in Internal Medicine of the National 
Research Council. 


the scope of this paper and will not be presented 
here. 


MATERIAL AND METHODS 


Subjects: 1) F. G., a 36 year old Negro woman, was 
studied during the nephrotic phase of chronic glomeru- 
lonephritis. Pertinent laboratory data included a red 
blood cell count of 3.5 million per cubic millimeter, he- 
moglobin of 10.0 Gm. per 100 ml. of blood, and venous 
hematocrit of 33 per cent; plasma total cholesterol 836 mg. 
per cent with 70 per cent of the total cholesterol esterified ; 
erythrocyte total cholesterol 146 mg. per cent with 11 per 
cent of the total in the ester form and 89 per cent in the 
form of free cholesterol. 

2) M. T., a 21 year old white woman with xanthoma 
tuberosum multiplex, was essentially asymptomatic. He- 
matologic data included a red blood cell count of 4.2 million 
per cubic millimeter and a hemoglobin value of 13.0 Gm. 
per 100 ml. of blood. Plasma total cholesterol was found 
to range between 500 mg. per cent and 660 mg. per cent 
with 71 to 75 per cent of the total esterified. Erythrocyte 
total cholesterol was 132 mg. per cent with 95 per cent 
of the total in the form of free cholestero! and 5 per cent 
in ester form. 

Administration of deuterium oxide: 1) Subject F. G. 
drank 1006 ml. of 50 per cent D,O in four divided doses 
on the first day of the experiment and then received 60 
to 65 ml. per day of approximately 30 per cent D,O for the 
next 112 days. On 11 occasions the daily dose was 
doubled in order to maintain the body water concentration 
of deuterium at a steady level. The concentration of 
deuterium in the body water was measured by determin- 
ing the concentration of deuterium in the water of the 
urine. 

2) Subject M. T. drank 666 ml. of 50 per cent D,O in 
three divided doses on the first day of the experiment and 
50 to 60 ml. of 50 per cent D,O daily for the duration of 
the study. 

Isolation and quantitative determination of cholesterol: 
The erythrocytes were washed three times with 0.9 per 
The buffy coat of leuco- 

Total cholesterol was 


cent solution of sodium chloride. 
cytes was removed and discarded. 
isolated as the digitonide from the unsaponifiable fractions 
of erythrocytes and of plasma and was then recovered from 
the digitonide according to the method of SchOnheimer and 
Dam (8). 
index of purity. 

Quantitative determinations of cholesterol were per- 


Melting point determinations were used as an 
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formed according to the Sperry-Schoenheimer method 
(9, 10).8 

Measurement of concentration of deuterium: The con- 
centration of deuterium in the hydrogen derived from the 
cholesterol was determined according to the procedure 
of Graff and Rittenberg (11).4 

Synthesis of cholesterol in vitro: Two hundred and 
seventy ml. of blood were drawn from a normal man, the 
plasma and buffy coat were removed by centrifugation, 
the erythrocytes were suspended in 0.9 per cent sodium 
chloride solution, the suspension was centrifuged once, 
and the saline and the remaining buffy coat were dis- 
carded. The erythrocytes were suspended in saline to 
make a total volume of 280 ml. Two hundred mg. of 1-C’*- 
sodium acetate, CH,C*OONa:3H,0, with a specific ac- 
tivity of 0.8 millicuries per millimole, was added to the 
cell-saline suspension. Penicillin and streptomycin were 
added to inhibit bacterial growth. The suspension was 
incubated for 25 hours with constant gentle shaking in air 
at 38°C. 


RESULTS AND DISCUSSION 


The concentrations of deuterium in the choles- 
terol of the plasma and of the erythrocytes of both 
subjects are plotted in Figures 1 and 2. In each 
case, the rise in the concentration of deuterium in 
the cholesterol of the erythrocytes is similar to its 
rise in the cholesterol of the plasma. Since the 
cholesterol of the plasma is in the dynamic state, 
a similar rate of turnover in the cholesterol of the 
erythrocytes favors the conclusion that the choles- 
terol of the erythrocytes is also in the dynamic 
state. There are two possible mechanisms whereby 
the cholesterol of the erythrocyte could exist in a 
dynamic state: the first would require the syn- 
thesis of cholesterol by the circulating erythrocyte 
for -replacement of cholesterol which has disap- 
peared from the erythrocyte; the second would 
entail the replacement of the cholesterol of the 
erythrocyte by cholesterol from the plasma. 

The first possibility, synthesis by the erythrocyte, 
was investigated by determining the capacity of 
mature human erythrocytes to synthesize choles- 
terol in vitro, as measured by the C' concentra- 
tion in the cholesterol of erythrocytes incubated 
with 1-C'*-sodium acetate (CH,C“%OONa). The 
results of this experiment are presented in Table I. 


8 We are indebted for these determinations to Mr. M. 
L. Webb, in the laboratory of Dr. Warren M. Sperry, and 
to Miss Anne Richards, in the laboratory of Dr. Kenneth 
B. Turner. 

4 Analyses in the mass spectrometer were kindly per- 
formed by Mr. Irving Sucher. 


1249 


in vitro is relatively insignificant can better be ap- 
preciated by comparison of these results with the 
On 
incubation of 60 Gm. of rat liver slices with 0.15 
millicuries (25 mg.) of CH,C'*OONa‘3H,0 for 
3.5 hours, 7 per cent of the C'* labeled sodium ace- 
tate was converted to cholesterol. We recognize 
that it may be hazardous to conclude, on the basis 
of in vitro studies, that the mature human erythro- 
cyte in vivo possesses only a very limited capacity 
to synthesize cholesterol. The contrast, however, 
between the active turnover of cholesterol of the 
erythrocyte and the very low rate of synthesis of 
cholesterol by the erythrocyte in vitro is sufficiently 
marked to favor the view that the existence of the 
cholesterol of the erythrocyte in the dynamic state 


in vitro synthesis of cholesterol in rat liver. 


is due to a process other than synthesis of choles- 
terol by the erythrocyte itself. The conclusion 
which is indicated by these findings is that the cho- 
lesterol of the erythrocyte is in dynamic exchange 
with the cholesterol of the plasma. 

This conclusion is in agreement with studies per- 
formed simultaneously and independently in other 
laboratories. Determinations of C'* activity in the 
cholesierol of a rabbit's erythrocytes after the ad- 
ministration of CH,C™“OONa indicated that the 
cholesterol of the erythrocytes is in the dynamic 
state (12). Studies im vitro of dog erythrocytes 
and plasma have shown a rapid equilibration of 
the cholesterol of the erythrocytes with the free 
cholesterol of the plasma (13, 14). The adminis- 
tration of tritium (H*) labeled cholesterol (15) or 
of C'™ labeled cholesterol (16) to man has re- 
vealed equilibration of cholesterol of the erythro- 
cytes with the free cholesterol of the plasma. 

Inasmuch as the major part of the cholesterol 
of erythrocytes is not esterified, equilibration of 
cholesterol of erythrocytes with the cholesterol of 
the plasma might be expected to involve the free 
cholesterol principally. It would seem likely, how- 
ever, that the esterified cholesterol of the erythro- 
cyte, which is present in low concentration, would 
also be in equilibritim with the esterified cholesterol 
of the plasma. The technique of D,O administra- 
tion which was employed in this study would not 
be expected to reveal different isotope concentra- 
tions in free and esterified cholesterol of plasma. 
Consequently, the isotope concentrations in total 


cholesterol of erythrocytes and of plasma respec- 
tively were compared. 
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Fic. 2. CONCENTRATIONS OF DEUTERIUM IN THE ToTAL CHOLESTEROL OF 
ERYTHROCYTES AND OF PLASMA 


The demonstration that the cholesterol of the ma- 
ture human erythrocyte is renewed by exchange 
with cholesterol of the plasma is pertinent to the 
problem of ageing of the human erythrocyte. Sev- 
eral different techniques have established that the 
normal human erythrocyte survives for an average 
life span of about 120 days (3, 5, 17, 18). In the 
course of some of these and related studies (3-6, 
18), it has been shown that the hemogtobin of the 
mature circulating erythrocyte is not in the dy- 
namic state, but rather that it remains with the 
erythrocyte until the cell is destroyed. The deter- 
mination of the metabolic behavior of hemoglobin 


and of other constituents of the human erythrocyte 
in normal and in pathologic states may provide 
some clues to an understanding of the ageing proc- 
ess in this cell. The behavior of constituents of 
the stroma of the erythrocyte may be particularly 
significant in determining the viability of the cell. 

The stroma is composed, at least in part, of lipo- 
protein complexes. The cholesterol of the eryth- 
rocyte is, most likely, bound to one or more pro- 
teins of the stroma and is probably part of one 
or more lipoprotein complexes. The evidence 
presented in this and other studies indicates that the 
cholesterol is metabolically labile. Earlier studies 





METABOLISM OF CHOLESTEROL IN HUMAN ERYTHROCYTES 


TABLE I 





Weight 
(wet) of 
erythrocytes 
incubated 


Total cu 
activity 
added 


Amount of 
CHaC*OONa: 
3H2O added 


Synthesis of cholesterol in vitro by mature human 





Gm. 


120 


mg. 


200 


erythrocytes 


Per cent of 
C™ acetate 
converted to 
cholesterol 


C activity* 
of choles 
terol 


Time of 
incuba 
tion 


0.0004 





* The C™ activity is expressed as counts per minute above background for an infinitely thick sample. 


(19, 20) and findings in this laboratory on the 
metabolism of phospholipids in the erythrocytes of 
man (21) indicate a rapid turnover of total phos- 
pholipids, as well, in these cells. The metabolic 
behavior of the stroma proteins is not yet known 
but a preliminary report suggests that most of the 
proteins in the stroma of the rat erythrocytes are, 
once formed, as stable metabolically as hemoglobin 
(22 

It is tempting to speculate on the relevance of 
these observations to the mechanisms which are 
responsible for maintaining the viability of the 
cell, and, more particularly, for maintaining the in- 
tegrity of the erythrocyte membrane. The main- 
tenance of an intact membrane may require a con- 
tinuing rapid exchange of cholesterol and other 
lipids with similar constituents in the plasma, and, 
at the same time, may require metabolic stability 
of some proteins of the stroma. It is possible that 
one or more proteins of the stroma are in the dy- 
namic state, and the integrity of the cell structure 
may be dependent on a continued replacement of 
these proteins. In any case, the structure of the 
human erythrocyte appears to depend on the main- 
tenance of some constituents in a dynamic state and 
The 
death of the erythrocyte may result from loss of 
metabolic lability of some constituents or from loss 


of others in an unreactive or stable state. 


of metabolic stability of others. Further definition 
of the metabolic behavior of various constituents 
in erythrocytes of different ages may provide il- 
luminating information on the process of ageing 
in the human erythrocyte. 


SUMMARY 


In two human subjects, in whose body water an 
elevated concentration of deuterium was maintained 
by the administration of deuterium oxide, the rise 
in the concentration of deuterium in the cholesterol 


of the erythrocytes was similar to its rise in the 
cholesterol of the plasma, This finding and the 
demonstration of a relatively insignificant degree 
of synthesis of cholesterol by human erythrocytes 
in vitro favor the conclusion that the cholesterol 
of human erythrocytes is in dynamic exchange with 
the cholesterol of the plasma. The possible rele- 
vance of the metabolic lability of the cholesterol of 
erythrocytes to the problem of the ageing process 
in the human erythrocyte is indicated. 
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Fibrinoid has been described as a “homogeneous, 
eosinophilic, refractile, relatively acellular, band- 
like structure which has some of the tinctorial 
properties of fibrin” (1, 2). It is found in the 
connective tissue in a number of diseases, espe- 
cially in the group of “diffuse collagen diseases” 
(3-5), including rheumatic fever and rheumatoid 
arthritis (6, 7), lupus erythematosus and sclero- 
derma (3, 8-10), and periarteritis nodosa (11). 
In these diseases, the presence of fibrinoid ma- 
terial in close association with the fibrillar struc- 
tures of the connective tissue is perhaps, histologi- 
cally, the single common denominator (4, 5). 
Altschuler and Angevine (1, 2) have listed nu- 
merous other sites of occurrence of fibrinoid which 
include the base of peptic ulcers (12), the normal 
placenta (13), and lesions associated with hyper- 
(14). The production of 
fibrinoid by a variety of experimental stimuli has 


ergic inflammation 
been described; these include pinching of tissue 
(15), orthostatic hypotension (16), prolonged 
passive hyperemia (17), and massive administra- 
tion of desoxycorticosterone (18). 

Our present knowledge about fibrinoid is de- 
rived almost exclusively from studies of its his- 
tological staining characteristics. The latter are 
in most instances similar to those of fibrin, hence 
the name fibrinoid; and it has indeed been sug- 
gested (16, 19) that fibrinoid consists of inspis- 
sated fibrin and other blood proteins. Since fibri- 
noid often seems to blend with ragged or split 
bundles of otherwise normal-appearing collagen, 
Bahrmann (20) concluded that fibrinoid resulted 


1 This investigation was supported (in part) by a grant 
from the Masonic Foundation for Medical Research and 
Human Welfare, and (in part) by research grant No. 
HG 909 A&R, from the National Heart Institute, of the 
National Institutes of Health, Public Health Service. 

2 Present address: Department of Chemistry, Meadow- 
brook Hospital, Nassau County, Long Island, N. Y. 


from infiltration of degenerated collagen fibers by 
fibrin. 

Klemperer, Pollack, and Baehr (3, 5) have sug- 
gested that change in the ground substance of 
the connective 
lagen fibrils contributes to the formation of fibri- 


tissue as well as in the col- 


noid. Altschuler and Angevine, on the basis of 
histochemical studies, concluded that the ground 
substance is the only constant element in the forma- 
tion of fibrinoid (1) and that the essential fea- 
ture of the fibrinoid change is the precipitation of 
the acid mucopolysaccharide of the ground sub- 
stance by an alkaline protein (1, 2). This sug- 
gestion was based upon the finding of a close 
spatial relationship between fibrinoid and meta 
chromatic staining substances and upon the demon 
stration, histologically, of positive polysaccharide 
and arginine staining reactions. 

The X-ray pattern of the fibrinoid material in 
rheumatoid nodules has been recently described 
as a diffuse ring, quite distinct from that of fibrin 
and collagen (21). 
fibrinoid appeared as an amorphous material. 
Normal collagen was demonstrated by X-ray pat- 


In electron photomicrographs, 


tern and electron microscopic appearance to be 
in close association with the fibrinoid. 
Enzymatic digestion of the fibrinoid in nodules 
of rheumatic fever has been studied recently by 
Glynn and Loewi (22). 
the fibrinoid in this tissue was resistant to digestion 


From observations that 


by trypsin over a period of three hours, but was di- 
gested by a collagenase preparation from Clos 
tridium Welchii, the authors concluded that fibri- 
noid is related in structure to collagen. 

In order to study the relationship between col 
lagen and fibrinoid, analytical studies of the fibri 
noid material of the subcutaneous nodule of rheu- 
undertaken. The amino 


matoid arthritis were 


acid, hydroxyproline, constitutes between 13 and 


14 per cent of collagen derived from a variety of 
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sources (23) and is found in no other protein of 
the body, except for the small amount present in 
Hydroxyproline provides, therefore, a 
useful means of identifying the presence of col- 


elastin. 


lagen in tissue. 

The hydroxyproline content of the collagen of 
the subcutaneous nodule and synovial membrane 
of rheumatoid arthritis was shown by Bien and 
Ziff (24) to be the same as that found in purified 
collagen from a number of normal tissues. Fur- 
thermore, the total hydroxyproline content of 
nodules and of synovial membrane was accounted 
for completely by the collagen and elastin frac- 
tions, It was inferred from this that hydroxy- 
proline was not present in significant amounts in 
the fibrinoid material of the tissue analyzed. 

In the present investigation, previously re- 
ported in abstract form (25), fibrinoid has been 
extracted from rheumatoid nodules by treatment 
with either dilute alkali or trypsin. The complete- 
ness of extraction has been demonstrated by his- 
The 


extracts so obtained have been hydrolyzed and ana- 


tological section of the extracted tissue. 


lyzed for hydroxyproline by a sensitive radioiso- 
tope chromatographic technique (26), which is 
described below. The amounts of hydroxyproline 
found in the extracted fibrinoid were negligible in 
quantity and of the same magnitude as obtained in 
extracts of normal skin under the same conditions. 


METHODS 


The following general procedure was employed; de- 
tails are given below. Subcutaneous rheumatoid nodules 
were extracted by two methods which removed the fibri- 
noid material, and the hydroxyproline content of the 
fibrinoid-containing extracts was determined. The col- 
lagen concentration of the whole nodule tissue was de- 
termined by direct analysis. By comparing the relative 
areas of collagen and fibrinoid on projections of repre- 
sentative stained microscopic sections, the approximate 
concentration of fibrinoid per gram of wet tissue was cal- 
culated. From the hydroxyproline content of the fibri- 
noid extracts, and the concentration of fibrinxid in the 
untreated tissue, the maximum percentage of collagen 
in the fibrinoid was then calculated. 

Nodules were obtained from patients with long-stand- 
ing rheumatoid arthritis, all of them untreated, and 
with active disease at the time of excision. In one pa- 
tient, nodules were removed before and after administra- 
tion of corticotropin. The nodules had been present for 
periods ranging from one to three years, and all except 
one, nodule S, were situated below the olecranon process 
of the forearm. Nodule S was removed from the sub- 
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cutaneous tissue located over the anterior superior iliac 
spine. In one nodule which showed cystic changes 
(nodule V,), only the solid portions were used for analysis. 
Extraction of nodule tissue: One-half to one gram of 
nodule tissue was minced in a cold chamber to particles 
about 3 mm. in diameter, weighed, covered with 40 to 60 
ml. of either 0.1N or 0.05N sodium hydroxide; or trypsin 
solution (containing 0.1 mg. of crystalline trypsin® per 
ml. of 0.02M borate buffer in physiological saline at pH 
7.75); or borate buffer alone of the same composition, 
and shaken gently in a water bath at 37° C. for 24 hours 
at 100 oscillations per minute. An adjacent slice of tissue 
was taken, as described below, for determination of 
collagen, and another for histological section. Following 
extraction of the mince, the supernatant was removed by 
centrifugation and the residue was washed gently four 
times with small volumes of physiological saline. The 
washings were added to the original extract and the re- 
sulting solution was diluted to a volume of 100 ml. Total 
nitrogen was determined by the Kjeldahl method. The 
residues were then covered with 10 per cent formalin. 
The final pH of the formalin bath ranged between 6 and 7. 
Determination of hydroxyproline: Aliquots of the 
nodule extracts, containing approximately one milligram 
of nitrogen, were hydrolyzed with an equal volume of 
concentrated hydrochloric acid for three hours at 50 
pounds. The hydrolysate was then brought to dryness 
in vacuo, and hydrochloric acid was removed by repeating 
the evaporation twice after the addition of water. The 
residue was taken up in one ml. of water while warming 
on a water bath. An aliquot of this solution, containing 
approximately 150 mcg. of nitrogen in 0.1 ml., was taken 
for determination of hydroxyproline by the pipsyl chlo- 
ride method of Keston, Udenfriend, and Levy (26). 
Pipsylation was carried out with 25 mg. of pipsyl 
(p-iodophenyl sulfonyl) chloride, containing approxi- 
mately a million counts per micromole of I™, dissolved in 
0.6 ml. of half-saturated sodium bicarbonate. A known 
amount of pipsylhydroxyproline labeled with S®, and hav- 
ing an activity of approximately 10,000 counts per minute, 
was added. The pipsyl derivatives were extracted with 
ether and chromatographed on paper for 48 hours at room 
temperature in n-amyl alcohol saturated with 2N am- 
monia. The band demonstrating S” radiation was eluted 
with dilute ammonia, extracted with ether after acidifi- 
cation and re-chromatographed for 12 hours at room tem- 
perature in tetrachlorethane saturated with 2N_ hydro- 
chloric acid. The resulting band, produced by spreading 
of the pipsylhydroxyproline, was cut into strips, and ra- 
tios of S* to I™ radiation were determined, using 0.015 
inch aluminum foil filter. It was not possible to estab- 
lish constancy of the ratio of S* to I™ in the analysis of 
nodules V; and K because of the small number of iodine 
counts available in the hydroxyproline bands. The pro- 
cedure employed, however, was demonstrated in numerous 
other analyses to achieve separation of pure bands of 
pipsylhydroxyproline as demonstrated by constancy of S™ 
to I™ ratios. The effect of possible contamination of the 


8 Worthington Laboratories, Lot 303. 
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pipsylhydroxyproline band by other pipsyl compounds 
containing I’ would be to render the values reported maxi- 
mal ones. 

In a recovery experiment in which 18.1 meg. of hy- 
droxyproline was added to five ml. of a 0.1N sodium hy- 
droxide extract of nodule V,, and then autoclaved in hy- 
drochloric acid, and analyzed as described above, 17.6 
meg. of hydroxyproline was recovered, 

To establish the stability of both bound and free hy- 
the 
samples of gelatin and 1l-hydroxyproline were incubated 
in 0.1N alkali for 24 hours at 37° C. One hundred milli 
grams of Baker's gelatin was found to contain 9.9 mg. of 


droxyproline in alkali under conditions described, 


hydroxyproline when hydrolyzed directly and analyzed by 
23). After incuba 
tion in 100 ml. of O.1N sodium hydroxide under the con- 


the method of Neuman and Logan 


ditions described, the hydroxyproline content was un- 


changed. Similarly when 10.2 meg. of 1-hydroxyproline 
was incubated under the same conditions, 10.1 meg. was 
recovered, 

Determination of collagen: The content of collagen was 
determined on samples weighing between 0.3 and 1.0 Gm. 
and taken immediately adjacent to the thin slices, de 
scribed below, from which the microscopic sections for 
of 
Collagen was determined by the method of Lowry, Gil 
ligan, and Katersky (27) on the basis of the nitrogen con- 


estimation fibrinoid-collagen ratios were prepared 


tent of the gelatin supernatant assuming 17.5 per cent 
nitrogen in collagen. 

Histological studies: In nodules S, Vi and V,, a thin 
slice about 3 mm. in width was removed from the center 
of the tissue to be analyzed, and microscopic sections from 
the above were stained by the van Gieson method for esti- 
mation of the relative amounts of fibrinoid and collagen 
(fibrinoid-collagen ratios) by the following technique : 
Careful tracings were mage of the fibrinoid and collagen 
areas on lantern slide projections of the stained sections. 
The tracings representing areas of fibrinoid and col 
lagen were then cut out, and weighed on an analytical 
balance. The relative weights of the tracings of fibrinoid 
and collagen were taken as approximations of the rela 
tive amounts of these materials in the tissue analyzed. 
In nodules K and W, insufficient tissue was available for 
preparation of control sections prior to extraction. It 
was necessary, therefore, in these nodules to assume the 
proportion of fibrinoid in two ways: (1) from the histo- 
logical appearance of serial sections of the extracted tis- 
sue, where areas previously occupied by fibrinoid, before 
extraction, could be identified by the small amounts of 
this material remaining; and (2) from the gross appear 
fresh tissue, in 


ance of serially cut sections of nodule 


material identifiable 


these 


which fibrinoid are as 


regions of 


greyish yellow areas. In nodules, approximately 
the same relative amounts of fibrinoid and collagen were 
present as in nodules S, Vi; and V 

10 per cent formalin, the tissue 
the 


control sections were dehydrated and embedded in paraffin 


Following fixation 1 


residues, extracted as described above, as well as 


They were then serially sectioned at 5 microns and stained 


OF RHEUMATOID NODULES (Vn 
at intervals with each of the following stains, to estab 
lish of 


eosin, phosphotungstic 


the completeness extraction: hematoxylin and 


van acid-hematoxylin, 


Millon, 
On a 


Gieson, 


trichrome, blue, toluidine 


blue, and periodic acid-Schiff 


orcein-picroaniline 
number of oc 
casions, the formalin fixing solutions were evaporated 
to dryness, the residue hydrolyzed and analyzed for hy 
the of 
No hydroxyproline was found. 


droxyproline by method Neuman and Logan 


RESULTS 
Extraction of fibrinoid 


When minced nodule tissue was extracted with 
dilute sodium hydroxide solution, examination of 
serial sections of the extracted residues disclosed 
that approximately 80 per cent of the fibrinoid ma- 
terial had been removed (Figure lc), and when 
the mince was extracted with trypsin solution 
(Figure 1d) practically all of the fibrinoid had 
been removed. [extraction of fibrinoid was ap 
parent from the appearance of free spaces devoid 
of all tissue in the areas previously occupied by 
fibrinoid material in the control sections (Figure 
la). 
intact collagen fibers previously obscured could 


In these newly formed spaces, strands of 
be seen. Treatment with borate buffer at pH 
7.75, extracted relatively small amounts of fibri- 
noid (Figure Ib). 


Analytical data 


The concentration of collagen in the nodules 
analyzed ranged between 70.8 and 159 mg. per 
gram of fresh tissue (Table 1). Fibrinoid con- 
centration, calculated as the product of collagen 
concentration and fibrinoid-collagen ratio, aver- 
aged 29 mg. per gram (range 17 to 40 mg. per 


gram). From the amounts of hydroxyproline 


found by analysis of both the sodium hydroxide 


and trypsin extracts, which varied in different 
nodules from zero to 0.3 mg. per gram of fresh 
tissue, the maximum amounts of collagenous ma 
the 
The presence of 


terial which could be present. in extracted 


fibrinoid have been calculated. 
13.4 per cent hydroxyproline in collagen (23) 
has been assumed. The values obtained, averaging 
 & 


0.67 mg. per gram of tissue (range 0 to 2.20 mg. 
per gram), appear in all but one instance to be 
negligible in’ comparison with the amounts of 
fibrinoid calculated to be present. The amounts 


of hydroxyproline found are, moreover, of the 
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COMPOSITION OF FIBRINOID OF RHEUMATOID NODULES 


TABLE I 


Hydroxyproline content of extracts of subcutaneous nodules* 


Fibrinoid 


Hydroxy 
proline 


Collagen 
extractable 


collagen 
ratio 
measured 


Weight Collagen 
sample found 
(Cm,) (mg./Gm.) 


70.8 


Nodule 
S 1.01 





1.16 104 


127 104 
0.676 135 


0.283 159 





* All analyses are based on wet weight of tissue. 


Fibrinoid 
calculated 
(mg./Gm.) 


extractable with fibrinoid 
foundt calculatedt 
(mg./Gm.) (mg./Gm.) 


Extraction 
medium 
17 NaOH 0 0.00 
0.1N 


NaOH 
0.1N 


0.038 0.28 


Trypsin 0.30 


NaOH 
0.05N 


0.090 


Trypsin 0.025 


t When 0.627 Gm. of minced human skin was treated with 0.1N NaOH for 24 hours, 0.037 mg. hydroxyproline was 


extracted per gram of skin. 


When 0.674 Gm. of skin was similarly treated with a solution of 5 mg. of crystalline trypsin 


in 40 ml. of 0.02M phosphate buffer at pH 7.75, 0.013 mg. of hydroxyproline was extracted per gram. 

t This refers to hydroxyproline-containing material extracted with the fibrinoid, which has been calculated as 
collagen, by multiplying hydroxyproline concentration by the factor 7.46. 

§ The patient (V) was treated with corticotropin for 16 days (total dose 3150 mg.) prior to excision of the second 


nodule. 
|| Values are approximate (see Methods). 


same magnitude as found in normal human skin 
by treatment with dilute alkali or trypsin follow- 
ing the same procedure as applied to the nodules 
(Table I). 

DISCUSSION 


Fibrinoid is characteristically found in con- 
nective tissue in the “diseases of collagen” (8). 
Conclusions drawn from investigations of the 
fibrinoid material of subcutaneous nodules, how- 
ever must of necessity be limited to this source, 
since there is no reason to assume that fibri- 
noid has the same composition in different dis- 
*aSeS in different tissues. The rheu- 
matoid nodule, moreover, when large enough 
to yield adequate amounts of tissue for chemical 


or even 


analysis, has usually been present for months to 
years. Since the composition of fibrinoid in 
nodules of long standing may differ from that of 


early nodules, conclusions drawn in the present 


report are limited by the age of the nodules ana- 
lyzed, which was one to three years. 

Our experiments indicate that the fibrinoid ma- 
terial of the subcutaneous nodule may be almost 
completely extracted by treatment with dilute al- 
The extracts do not contain sig- 
No hy- 
droxyproline was extracted from nodule S, and in 
three out of four other nodules from untreated 


kali or trypsin. 
nificant amounts of hydroxyproline. 


patients, the largest concentration extractable was 
0.09 mg. per gram of tissue. The small amounts of 
hydroxyproline extracted were approximately of 
the same magnitude as were obtained from normal 
skin by treatment with 0.1N sodium hydroxide 
and trypsin. A relatively larger amount of hy- 
droxyproline was removed from nodule V, on 
treatment with trypsin. This may perhaps be re- 
lated to the fact that the patient had been treated 
with corticotropin for sixteen days prior to ex- 





Fie. 1. 


HistTo.ocicaL SECTIONS OF SUBCUTANEOUS RHEUMATOID NopULES ILLUSTRATING EXTRACTION OF FIBRINOID 


(Nopute S, TricHrRoME STAIN, GREEN WRATTEN B Fitter, Macniriep 120 X) 


. Control section demonstrating areas of fibrinoid as dense black areas. 
. Section of residues following treatment with 0.02M borate buffer, in physiological saline, pH 7.75, showing re- 


moval of small amounts of fibrinoid. 


. Residues following treatment with 0.1N sodium hydroxide, demonstrating clear areas from which fibrinoid 


has been removed. 


. Residues following treatment with trypsin, in 0.02M borate buffer, pH 7.75, demonstrating clear areas from 


which fibrinoid has been removed. 
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cision of the nodule. A total dose of 3150 mg. of 
corticotropin had been administered. 

On the basis of the amounts of hydroxyproline 
present in the fibrinoid extracts, it is calculated 
that an average of 0.67 mg. of collagen might have 
been extracted with approximately 30 mg. of fibri- 
noid. Collagen could constitute, therefore, about 
2 per cent of the weight of fibrinoid. Since the 
hydroxyproline extracted probably represents the 
usual complement of this amino acid which is ex- 
tractable from normal tissue, in view of the re- 
covery of similar concentrations from normal skin, 
it is likely that little or no collagen is actually 
present in fibrinoid. 

It should be pointed out that the values for the 
fibrinoid concentration of the unextracted tissue 
and the hydroxyproline content of the fibrinoid 
The 
results above, therefore, are independent of the 


extract are given per gram of wet tissue. 


amount of extraneous material extracted with the 
fibrinoid on treatment. with alkali or trypsin. It 
should also be noted that, although the estimation 
of fibrinoid is necessarily approximate, appreciable 
error in this value would not change the overall 
conclusion because of the relatively small amounts 
of hydroxyproline recovered. 

Though fibrinoid in minced tissue was digested 
by trypsin, it has been found to be resistant to hy- 
drolysis by Clostridial collagenase (25). The sta- 
bility of fibrinoid in collagenase solution is not 
surprising in view of the evidence that it does not 
contain appreciable amounts of hydroxyproline. 
Our observations with respect to enzyme diges- 
tion differ from those of Glynn and Loewi (22), 
who analyzed nodules from patients with rheu- 
matic fever. These authors, however, incubated 
fixed tissue sections for three hour periods, whereas 
freshly minced tissue was digested for 24 hours 
in the present experiments. 

There is no evidence that fibrinoid in the rheu- 
matoid nodule, as histologically defined, is a ho- 
mogenous substance. Studies of Kellgren and co- 
workers (21), using X-ray diffraction and the 
electron microscope, demonstrated patterns of an 
amorphous material in intimate contact with nor- 
mal collagen fibrils. It is reasonable to assume 
that it is this amorphous material which has been 
extracted in the present experiments, leaving in- 
terspersing apparently normal collagen fibers be- 
hind (Figure 1). Our data suggest that degener- 
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ated collagen is not present in the amorphous ma- 
terial of fibrinoid unless, of course, the collagen 
has been so altered in the process of degeneration 
that the hydroxyproline of the protein has been 
specifically lost or changed. The selective loss of 
individual amino acids in the degeneration of pro- 
teins finds little precedent, however. 

The additional possibility remains, of course, 
that degeneration of collagen and subsequent re- 
moval of the degraded protein precedes the depo- 
sition of the fibrinoid material. If this were so, 
the first step in the fibrinoid change might very 
well be associated with an alteration of collagen, 
as suggested by the observations of Klinge (6). 
It would seem reasonable to assume from the data 
presented in this paper, however, that if altered 
collagen is formed, it is hydrolyzed by tissue pro- 
teases, and subsequently replaced by fibrinoid, the 


latter representing merely the end products of in- 


flammation of connective tissue. 


SUMMARY 


The fibrinoid material of five 
nodules obtained from patients with rheumatoid 


subcutaneous 


arthritis has been extracted by treatment of fresh 
nodule tissue with either dilute sodium hydroxide 
or trypsin. The extracts of fibrinoid have been 
analyzed for hydroxyproline by a sensitive radio- 
isotope derivative technique and found to contain 
between zero and 0.3 mg. of hydroxyproline per 
gram of nodule tissue. 

Collagen content of the nodule tissue ranged be- 
tween 70.8 and 159 mg. per gram. From the rela- 
tive areas of collagen and fibrinoid present in 
microscopic sections of untreated nodules, the ap- 
proximate concentration of fibrinoid has been es- 
timated. Values varied between 17 and 40 mg. 
per gram. 

The maximum amounts of collagen which could 
be present in the extracted fibrinoid, calculated 
from the hydroxyproline content of the fibrinoid 
extracts, were found to be about 2 per cent by 
weight of the fibrinoid. The results indicate that 
if collagenous material is at all present in the fibri- 
noid of the subcutaneous nodule, the amounts are 
negligible. 
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RED CELL SURVIVAL IN VIVO?*? 
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and HELEN RICHARDS 


(From the Robert Dawson Evans Memorial Laboratory, Massachusetts Memorial Hospitals, 
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One of the most useful methods available for the 
quantitative measurement of hemolytic rates in 
clinical subjects and for the evaluation of red cell 
viability after storage is based on the survival of 
transfused erythrocytes. data, 
however, has been restricted because of limitations 


Access to such 
in the methods hithertofore available for measur- 
ing red cell survival in vivo. 

The differential agglutination method of count- 
ing donor cells, the procedure most commonly em 
ployed, has limitations in that large transfusions 
are required; the donor blood must be devoid of 
all antigenic isoagglutinins which are not likewise 
possessed by the recipient; the recipient’s cells 
must contain agglutinogen A or B or M or a com- 
bination of the three agglutinogens which is not 
contained in the donor blood; and, finally, this 
method excludes the use of autotransfusion, which 
would eliminate the risk of transmission of he- 
mologous serum jaundice, 

The labelling of donor cells with radioactive iron 
(Fe**) permits the conduct of survival studies on a 
short term basis (1-3) but re-utilization of radioac- 
tive iron released from hemolyzed donor cells and 
the subsequent incorporation of this label in the re- 
cipient’s red cells preclude its use in studies ex- 
tending for periods longer than 24 to 48 hours. 


1 This work was supported in part by a contract between 
the Atomic Energy Commission and the Massachusetts 
Memorial Hospitals, and funds from the American Cancer 
Society of Massachusetts, Inc., Boston Blood Grouping 
Laboratory. 

2 Presented in part before the Committee on Blood and 
Related Problems, National Research Council, Washing 
ton, D. C., September 17, 1952, and the American Federa 
tion for Clinical Research, Eastern Section, Boston, Mas 
sachusetts, April 16, 1953 

8 Part of this work was performed while a Public Health 
Service Research Fellow of the National Cancer Institute. 


Furthermore, this method requires the accumula- 
tion in the prospective donor of radioactive iron 
in relatively high concentration, a procedure which 
is not desirable. Other tagging methods that have 
been described, involving the use of sulfhemoglobin 
(4), N™ (3), C* ), P* (7), and Za™ (6), ave 
similarly objectionable from one or another stand- 
point. 

Gray and Sterling (9, 10) have demonstrated 
that a firm union between erythrocytes and chro- 
mium can be established in vitro with great rapidity 
and with no apparent damage to the exposed cells. 
These observations imply that radioactive chro- 
mium might serve admirably, not only as a tag- 
ging device for measuring circulating red cell vol- 
ume as proposed by these authors, but as a basis 
for measuring red cell survival in vivo. The po- 
tential advantages of its use in this manner are 
several : 


1. By reinjecting chromium-tagged red cells 
into their original host, t.e., autotransfusion, it 
might be possible to measure the longevity of eryth- 
rocytes in their native environment. Such an ap- 
proach would extend the application of this type 
of study to hemolytic disorders based on inherent 
red cell defects which are not amenable to investi- 


gation by transfusion, and would insure the validity 


of survival data in all types of cases. 

2. This method may provide a simple and defi- 
nite method of evaluating the effectiveness of 
methods and media for im vitre preservation of 
erythrocytes in stored blood. Relatively small 
samples of donor blood might suffice for accurate 
counting after injection. A reduction in volume 
of injected material might be achieved to the ex- 
tent that several aliquot samples from one unit of 
blood might be transfused after successive intervals 
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of storage, or after storage under a variety of con- 
ditions, affording a more accurate basis for study- 
ing the rate of deterioration of preserved red cells. 

3. By substituting autotransfusion for transfu- 
sions in survival studies, the risk of infection, in- 
cluding hepatitis, and the danger of isoimmuniza- 
tion in the recipient are excluded. 

It has been reported (9, 10) that erythrocytes 
bind 80 to 90 per cent of sodium chromate 
(Na,Cr*'O,) when trace amounts of the latter 
are added to cell suspensions in vitro, the globin 
portion of the hemoglobin molecule being the site 
of the combination. These observations have been 
amplified and extended by a series of experiments 
designed to determine : 


(1) The effect of storage on the kinetics of 
chromium uptake by erythrocytes ; 
the influence of chromium, and the effect of 
the conditions imposed by the labelling pro- 
cedure, on the post-transfusion of red cells 


exposed to this metal in vitro; 

the avidity and stability of the linkage be- 
tween erythrocytes and chromium; and 
the degree to which sodium chromate re- 
leased from hemolyzed red cells becomes 
incorporated into other circulating red cells, 
or into red cells subsequently produced by 
the bone marrow of the recipient, the oc- 
currence of which invalidate red 
cell survival data obtained by this tagging 
procedure. 


would 


METHODS 
Preparation and administration of Na,Cr"O, labelled blood 


Donor blood used in these experiments was collected 
and stored in collapsible bags constructed of polyvinyl 
plastic 4 containing 75 ml. of acid-citrate-dextrose (ACD) 
solution N. I. H. Formula A.6 Donor rea cells were 
tagged with radioactive chromium ® by introducing 3 to 5 
ml. of an aqueous solution containing Na,Cr"O, (pH 6.0 
to 8.0) and with a specific activity of 0.25 to i.0 milli- 
curies per mg. of chromium metal followed by approxi- 
mately 10 volumes of isotonic saline into the plastic donor 
tubing connected to the bag containing whole blood and 


*“Blood Packs” distributed by Fenwal Laboratories, 
Inc., Framingham, Massachusetts. 

5 Seventy-five ml. of this solution contains trisodium ci- 
trate, 1.65 Gm., citric acid, 0.60 Gm., and dextrose, 1.84 
Gm. 

6 Obtained from Abbott Laboratories, North Chicago, 
Illinois. We wish to express our gratitude to Dr. Donalee 
Tabern for his kind cooperation. 
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ACD diluent. Na.Cr"O, should not be autoclaved when 
mixed with ACD solution, since it will decompose under 
these conditions and become incapable of labelling erythro 
cytes. The contents of the bag were thoroughly mixed 
and equilibration of the blood and chromium salt allowed 
to proceed for various periods of time and under a variety 
of conditions which are specified in Table I. The bioods 
of Experiments 1 and 2 were continually agitated on a 
mechanical shaker during the period of equilibration; the 
bloods for all the other experiments were gently mixed 
by inversion every 10 to 20 minutes during the equilibra- 
tion period. Final preparation of the tagged blood for 
injection included the preliminary separation of cells and 
plasma by rotation at 2000 rpm. in an International Cen- 
trifuge (Model B. P.) for 30 minutes at room tempera- 
ture, followed by the removal of approximately 30 to 85 
per cent of the plasma. In Experiments | and 2 the tagged 
red cells were washed once in their native plasma. In 
Experiment 3, the donor cells were suspended in saline, 
equilibrated with Cr”, washed and finally resuspended in 
saline before injection. ‘These procedures were calcu- 
lated to insure the maximum degree of chromium binding 
with least exposure to damage by the erythrocytes, and 
reduction to a minimum of the extra-corpuscular chromium 
in the injected mixture. 

The first series of transfusions (Series I, Experiments 
1-9) involved the injection of normal donor blood which 
had been stored at 4 to 6° C. for 0 to 26 days, then tagged 
with Na,Cr"O, by the method described above. Recipi- 
ents were healthy medical students, each of whom was 
subjected to a 500 ml. phlebotomy immediately before 
None of these subjects, with one exception, 
nad been transfused (Subject CN had re 
ceived experimental transfusions on three occasions dur- 


transfusion. 
previously ; 


ing the preceding two years) 

Individuals receiving experimental transfusions in Se- 
ries II experiments were hospitalized patients without 
hematologic abnormalities or diseases known to influence 
In preparation for these 
of a 500 ml. ACD 
The 


for periods specified 


the life span of erythrocytes 
experiments, approximately 250 ml 
blood unit was tagged with Cr” prior to storage. 
tagged blood was stored at 4 to 6° C 
in Table I. 
absence of chromium, and the red cells were tagged im- 
Fifty ml 
portion were transfused at weekly intervals, after the re- 


The remainder of this unit was stored in the 


mediately prior to injection aliquots of each 
moval of 80 per cent of the plasma, and the resuspension 
of the cells in a sterile isotonic solution of sodium chloride 
containing 1 Gm. of dextrose per 100 ml. 

As a precaution against bacterial infection of the re- 
cipient, stored blood was cultured aerobically and anaero- 
bically at 5° and 37° C. 
blood agar, and gram stained smears of the material were 


on chopped meat, blood broth, and 


examined microscopically prior to injection 

Isoimmunization by transfused red cells was excluded 
by the observation of a negative Coomb’s test, four to five 
months after transfusion, performed on fresh cells from 
the original donor following their incubation for one hour 
at 37° C. with the serum of the recipient 
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Radioactivity measurement 


The gamma emission of chromium 51, half life 27.5 days 
(11), was counted by a well-type scintillation counter,? 
having a gamma counting efficiency of approximately 37 
per cent. Counts were performed on 3 to 4 ml. aliquots 
of whole blood contained in glass test tubes (O. D. 15 mm., 
When test tubes 
were used, the contents were always adjusted to the same 


or in 4 ml. Gibson hematocrit tubes ).* 


volume for any series of bloods from the same recipient 
by the addition of saline solution; Gibson tubes were cen 
trifuged at 3000 rpm. for 
of the plasma, placed in the scintillation counter well. 


one hour and, after removal 


Variations in geometry due to differences in the height 
of the red cell column in these specimens were compen- 
sated for by means of a correction factor applied to the 
This factor was based on the empirical 
1.25 per 


observed counts. 
that 
cent for each unit of hematocrit increase between 25 and 


observation the counting rate decreased 
The number of counts measured in these 
The background 

Sufficient sam- 


53 per cent. 
samples varied from 8000 to 25,600. 
ranged from 100 to 116 counts per minute. 
ple and background counts were measured to assure a 
standard deviation of 2 per cent or less for all but the 
weakest samples (Table II). A suitable chromium stand 
ard was counted every third or fouth sample tested, all 
counts being corrected for physical decay of Cr™ and for 
variations in the characteristics of the scintillation counter 
(which were negligible) by reference to this Cr” standard. 

The percentage of Cr” taken up by red cells in vitro 
was determined as follows: 


] 1 


Aliquot portions of whole blood-sodium chromate mix- 


tures, 0.1 to 0.2 ml. in volume, were placed in six test 
tubes. Three samples were diluted immediately with 10 


ml. of isotonic saline, then centrifuged as quickly as pos- 


TABLE II 


Comparison of the theoretical counting errors of the selective 
agglutination and Cr® methods* 


Percentage donor cells surviving destruction 


Selective 
agglutination 


Days after 
transfusion 


Cr® counting 


0 100 100 + 4.0 
30 64 2 4. 57.  +2.3 
86 14 8.0 + 0.32 
103 4.0 + 3.0 + 0.24 


* These figures represent errors resulting solely from 
random distribution, their magnitude depending upon the 
number of units counted and the ratio of the numerical 
value of the sample to that of the blank or background. 
The standard deviation is expressed as per cent of the 
original number of donor cells surviving destruction on 
the day indicated. The standard deviation expressed as 
per cent of donor cells present on a given day would be 
12 per cent and 4 per cent for the selective agglutination 
technic and Cr® technic, respectively, on day 0 and 28 
per cent and 8 per cent, respectively, 103 days after trans- 
fusion. 


7 Sodium iodine thallium activated crystal in an Atomic 
Instrument Company scintillation head. 
® Macalaster Bicknell Company, Boston, Massachusetts. 
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sible in order to prevent further Cr™ uptake. The red 
cell sediment in these tubes was washed three times and 
suspended in isotonic saline solution. The radioactivity 
in each tube was measured and the percentage uptake of 
chromium by the red cells calculated by dividing the ra- 
dioactive count in each sample of washed erythrocytes by 
the total number of counts in an aliquot mixture of whole 
blood and chromium, and multiplying the resulting value 
by 100. The concentration of Cr™ in the red cells of the 
recipient was obtained by dividing the number of counts 
observed in each sample by its volume, expressed as ml., 
and by its hematocrit reading. The hematocrit readings 
were not corrected for amount of “trapped” plasma for 
reasons detailed beiow 


Blood volume measurement 


The plasma volume of each recipient was determined by 
the T-1824 dye dilution technique (12). The total cir- 
culating red cel! mass was calculated on the basis of the 
plasma volume and venous hematocrit, the latter having 
been modified by the correction factor 0.9 to correct for 
plasma occluded in the packed cell mass or for inequali- 
ties between the hematocrit of large and small vessels 
or for a combination of both. 


(1) red cell volume (ml.) 
- _ plasma volume (ml) , 
~ 100 — 0.9 * venous hematocrit (%) 
X 100 — plasma volume (ml.) 


In the first series of experiments red cell volume was 
determined in this manner two to three months following 
transfusion; in Series II, this was done at the time of in- 
jection of Cr™ tagged cells 


Calculation of post-transfusion survival of chromium- 
labelled erythrocytes 


The percentage survival of transfused Cr™ labelled cells 
in the recipient’s circulating blood at any time after the 


transfusion was calculated from the following formula: 


(2) Percentage donor cell survival 
Radioactive Cr® per ml. of recipient’s packed red 
blood cells * recipient’s total red cell mass 


Total erythrocyte Cr® transfused?® 
of Cr™ per ml. of the recipient's 
‘specific activity of the red 


The concentration 
packed red blood cells (the 
cells”) was calculated by dividing the 
ml. of whole blood by the uncorrected centrifuge venous 
hematocrit value as stated above. No correction factor 
applied to this 


radioactivity per 


for “trapped” plasma in the cell mass was 
hematocrit value because of disagreement on the part of 
the authors as to the magnitude of this factor (13, 14). 
If the hematocrit value had been modified by such a fac- 
tor, the specific activity of the red cells and hence the per- 

val- 


centage survival have been higher than the 


would 
! 


ues reported in this study, the difference being equal to the 
value of the correction factor applied. 


* Note: this value does not include the small amount of 
free Cr which was present in the injected plasma 
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This method of calculating percentage survival is based 
exclusively upon measured values, t.e., the total radio- 
activity of the tagged donor cells, the blood volume of 
the recipient, and the actual concentration of transfused 
cells per unit volume of the blood. (See 
Table I ) 


recipient's 


Inagglutinable cell counts 


Red cell counts were performed on cell suspensions 
prepared by diluting 0.1 ml. samples of whole blood with 
20 ml A 0.1 to 0.2 ml. ali- 
quot sample of each suspension was placed in a 12 by 


of isotonic saline solution. 
75 mm. test tube containing approximately 10 mg. of 
anti-A or M (13)... A 


sample was placed in a hemocytometer chamber, and the 


dried serum 1° second aliquot 
total red cell concentration determined on the basis of a 
count of 1000 cells or more 


cell suspension and dissolved antisera were centrifuged at 


The test tubes containing the 


900 rpm. for one minute, after which the cell sediment was 
resuspended by tapping the tube vigorously 30 to 50 times. 
An aliquot portion of this suspension containing a mix- 
ture of agglutinated and inagglutinated cells was then 
transferred to a counting chamber and the free, inag- 
glutinated cells counted. In each instance the minimum 
number of inagglutinated cells counted was 200, or the 
number present in 18 mm.” of counting area when the 
Prior to each 
transfusion, a blank inagglutinable cell count was_ per- 


number in this area was less than 200 
formed on the recipient cell suspension containing an ali 
quot portion of the anti-serum reserved for that particu 
lar study. The ratio of the number of inagglutinable cells 
minus the blank count to the total cell count multiplied 

The field 
reported in 
this series varied from a S. D.+6to S. D. +15 per cent 
(Table IT). 
donor cells counted by the selective agglutination method 
were based on T-1824 blood volume data, as in the case 
of the Cr™ tagged cells. 


by 100 was expressed as per cent donor cells. 


error in the selective agglutination counts 


Calculations of percentage of survival of 


EXPERIMENTAL OBSERVATIONS 
Chromation of Erythrocytes in Vitro 
Influence of temperature and pH 


The rate at which chromium combined with red 
cells when sodium chromate was added to whole 


ACD blood was dependent upon the tempera- 


ture and pH of the mixture, as demonstrated in 
Figure 1 and Table III. At 39° C., 90 per cent of 
available chromium was incorporated in the eryth- 
rocytes within a period of five minutes, as com- 
pared to a 50 to 75 per cent uptake at 26° C. and 
10 to 20 per cent at 1.8° C. After thirty minutes of 
equilibration the proportions taken up at 26° and 


10 Powdered grouping serum, Lederle Laboratories, 
Pearl River, New York. 


FRANKLIN G. EBAUGH, JR., CHARLES P. EMERSON, AND JOSEPH F. 


ROSS 


39° C. were comparable, 1.e., approximately 90 per 
The influence of pH on the kinetics of this 
reaction is apparent from the observation that the 


cent. 


chromium uptake at pH 6.0 was three to four times 
as rapid as at pH 7.3 (Table III). 


Influence of storage, concentration of Na,Cr*0,, 
and stability of the Cr*'-erythrocyte union in 
vitro 


Preliminary storage of erythrocytes at 4° to 
6° C. for perieds as long as twenty-nine days did 
not appear to reduce their affinity for chromium. 
On the contrary, Cr®' uptake was more rapid in 
stored than in fresh blood, due perhaps to the 
The pH of whole 
ACD blood immediately after collection is approxi- 


greater acidity of the former. 


mately 7.2; after storage for one week at 4° to 6° 
C. the expected pH value is approximately 7.0, 
falling to 6.8 after two weeks, and 6.6 to 6.7 after 
three weeks or longer. Chromium uptake, ex- 
pressed in terms of the percentage bound by red 
cells following the addition of Na,Cr®*'O,, was not 
influenced by variations in concentration ranging 
from 0.25 to 9.5 micrograms of chromium salt (ex- 
pressed in terms of chromium metal content) per 
ml. of whole blood (Table I, Figure 1). The 
erythrocyte-chromium bond remained stable dur- 
ing storage in ACD plasma, inasmuch as there was 
no elution of Cr*! from tagged erythrocytes stored 
as long as thirty-six days (Table I, Experiments 
10, 13, 17, and 19). 


Does Cr* released from hemolyzed cells relabel the 
recipient's red cells? 
The extent to which Cr®! from hemolyzed red 
cells may combine with intact erythrocytes in vitro 
was investigated as follows: 


added to 
whole ACD blood in a concentration of 2.5 micro- 


Radioactive sodium chromate was 
grams per ml., and the mixture, divided into three 
aliquot samples, was allowed to stand for ninety 
minutes at 1.8°, 26.6°, and 39° C. The red cells 
in each sample, which had taken up 40, 84, and 92 
per cent of available chromium, respectively, were 
washed three times in saline solution and then 
subjected to repeated freezing and thawing until 
hemolysis was complete. Each hemolysate was 
mixed with an equal volume of washed, intact 
erythrocytes and incubated for ninety minutes at 
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Tue RATE or SoprumM CHROMATE UpTake By FRESH AND AGED ACD Boop at 


DIFFERENT TEMPERATURES 


The pH of the stored blood was between 6.7 and 68. 
The concentration of Na,Cr”O, (expressed in terms of chromium metal content) 


7 as 


The pH of the fresh blood was 7.1 


was 2.5 gamma per ml. in all bloods except one of the two fresh bloods studied at 26° C. 


which was 0.25 gamma per ml. 


the same temperature to which the hemolyzed 
cells had originally been exposed. Finally, the in- 
tact cells were separated, washed, and tested for 
Cr®! uptake, which was discovered to be negligible 
in all samples (1.c., less than 0.5 per cent). The 
in vitro observations were substantiated by the fol- 
lowing in vivo experiment: Tagged erythrocytes 
were washed three times in saline and lysed by the 
The 


hemolysate was then made isotomic by the addi- 


addition of ten volumes of distilled water. 


fABLE Il 
Effect of pH on the rate of Cr®™ uptake by aliquot samples of 
fresh erythrocytes in whole ACD blood at 2° C.* 
The concentration of NagCr™'O, was 2.5 gamma 
per ml. whole blood 
Per cent Cr“! uptake by erythrocytes 


After 15 min. 
equilibration 


After 3 min 

equilibration 
t 
7.3 1 
6.9 2 
6.0 41 


* Effect of pH on the rate of Cr® uptake by red cells at 
2°C. after addition of 2.5 gamma of chromium (as 
Na2Cr#O,) per ml. of fresh whole ACD blood. 


tion of NaCl and passed through a Berkefeld filter 
and injected back into the original donor of the 
red cells. During the first twenty-four hours 27 
per cent of the injected dose was excreted in the 
urine. None of the injected Cr®! was fixed to, nor 
reappeared in, the recipient’s cells during the 
thirty-day observation period following the in 
jection. 


Survival of chromated erythrocytes in vivo 


The survival of Cr®'-labelled donor erythrocytes 
has been observed in 19 subjects based on the ra- 
dioactivity of the recipient's blood after transfusion, 
The results of these studies, in part, are presented 
in Table I, together with data pertaining to the 
preliminary processing, storage, and chromation 
of injected cells. Nine recipients were studied by 
the combined application of the chromium labelling 
and selective agglutination counting methods, the 
Table I 


(Experiments 1 to 9), and represented in graphic 


results of which are likewise included in 


form in Figure 2, The survival in five recipients 
of transfused donor cells from the same half unit 
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of donor blood, stored with Na,Cr*'O, for periods 
varying from one to five weeks, is shown in Table 
I and Figure 5. Asa control on the effect of stor- 
ing red cells with Na,Cr*'O,, the survival of ali- 
quot portions from the other half of the same unit 
of blood which were tagged just before their trans- 
fusion is shown in Table I (Experiments 10, 12, 
14, 16, and 18) and Figure 5. 


Comparison of red cell survival as measured simul- 
tancously by the chromium technique and se- 
lective agglutination 
The survival of Cr*'-labelled erythrocytes meas- 

ured in the same recipient both by radioactive and 


selective agglutination counting is represented by 
the paired curves in Figure 2, constructed from 


data obtained by both techniques on twenty or 
more occasions over a period of 100 to 130 days 
following each transfusion of Cr®'-labelled red 
cells. Donor cell survival as measured by the Cr*! 
method is represented by a complex curve which 
is neither logarithmic nor linear, and the end point 
of which coincides with the total disappearance of 
inagglutinable cells. 

Comparison of data obtained by selective ag- 
glutination and Cr* counting during the first two 
days (Figure 3) indicates that the former values 
are consistently higher during the first forty- 
eight hour period following transfusion, the degree 
of difference averaging 6.7 per cent. The prob- 
ability that this difference was due to chance is 
less than 0.01 per cent. The discrepancy may be 
due to a systematic error in the Cr*! and in se- 
lective agglutination cell survival data. It is un- 
likely that it is due to tagging of the recipient’s 
erythrocytes by the small amount of injected un- 
bound Na,Cr*’O, (average of 6.5 per cent of the 
total injected radioactivity for Experiments 1 to 9, 
Table I) since only about 10 per cent of free 
Na,Cr*'O, when injected intravenously tags re- 
cipient erythrocytes as was demonstrated in three 
experiments of which the following experiment is 
an example : 

A solution of sodium chromate containing a 
total of 0.8 mg. of Na,Cr°'O, expressed in terms of 
its chromium metal content was added to 100 ml. 
of saline and the mixture injected intravenously. 
Five minutes following injection 12 per cent of 
the injected Cr*! was bound to the erythrocytes 
and remained fixed at that level in the erythrocytes 
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for a period of at least one week, after which a 
gradual decline in chromium concentration oc- 
curred, It may be pointed out that the amount of 
chromium injected in this experiment was greater 
than the largest amount of unbound chromium in- 
jected in the transfusion experiments described in 
this report. 

All Cr®! values obtained one week or more fol- 
lowing transfusion are consistently lower than the 
corresponding values obtained by selective agglu- 
tination counts (Figure 2). The difference be- 
tween these two curves might be explained either 
on the basis of a continuous chromium elution from 
the circulating labelled cells or on the assumption 
that the amount of chromium taken up by the 
donor cells is not the same for each cell, but in di- 
rect proportion to the age of the red cell at the 
time of collection from the recipient, 1.e., the senes- 
cent cells binding the most Cr*!, and the young 
cells the least. There is no experimental data for 
or against either hypothesis at present. However, 
for purposes of discussion, the progressive decline 
in the concentration of Cr®! in circulating donor 
cells will be characterized as an elution phenome- 
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non. The rate of Cr*! loss from intact donor cells 
(1.e., biologic decay), as distinguished from loss 
of the Cr®' attributable to the hemolysis of tagged 
cells, may be calculated on the basis of changes 
in the ratio of cell survival determined by Cr*? 
counts and the corresponding values based on se- 
lective agglutination counts. A semilogarithmic 
plot of the per cent of original amount of Cr** re 
maining on the donor cells for the transfusion ex- 
periments (Figure 4), indicates that the biologic 
half-life of red cell bound Cr*' may range from 
fifty-one to ninety days (Table IV). Excluding 
Experiment 9 from these calculations, the results 
of which vary more than two standard deviations 
from the mean of all the data, the mean half-life of 
chromium elution is 77 + 12. Survival of trans- 
fused erythrocytes can be accurately measured 
during the first two days after transfusion without 
corrections for this loss of Cr®! since less than 3 
per cent of transfused donor cell Cr*! is eluted from 
the red cells during this interval. Long-term sur- 
vival values based on Cr®! determinations are sub- 
ject to error unless the phenomenon of chromium 
elution is taken into account and a correction fac- 


FRANKLIN G. EBAUGH, JR., CHARLES P, EMERSON, AND JOSEPH F. ROSS 


Such 
a correction factor may be based on the observed 
half-life of chromium elution, or biological decay 
of Cr®*', For example, 66 per cent of injected cell- 
count Cr®? is present in the recipient (Experiment 
2, Table I, and Figure 2) on the twentieth day and 
53 per cent on the thirtieth day following transfu- 
sion; the average rate of donor cell hemolysis 


tor introduced to compensate for its effect. 


throughout the ten-day period, based on uncor- 
rected data, would be (66 — 53)/10 or 1.3 per 
cent per day for the ten-day period. However, 
only 83 per cent of the original amount of Cr*? 
present in the transfused cells remains twenty days 
after transfusion and 76 per cent thirty days after 
transfusion. Correcting for this “elution” of Cr® 
by use of the above figures, the hemolytic rate 
would then equal (80 — 70)/10 or 1.0 + 0.15 per 
cent as calculated from the Cr°' data in contrast 
to the observed hemolytic rate of 0.9 per cent per 
day as determined by selective agglutination count- 
ing for the same recipient during the same interval 
of time. A large part of the discrepancy between 
the two methods is due to the variation in Cr*! 
elutions observed in donor blood thus far studied. 
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The Effect of Chromation on Red Cell Survival lated that the relatively brief survival period ob- 


sa : , served in this study may have been attributable to 
The maximum red cell survival of fresh ACD : . nile 


; , . isoimmunization with the production of isoanti- 
blood is commonly stated to be approximately 120 


; a oe ‘ bodies of an obscure variety or so weak as to es 
days. Inspection of the curves in Figure 2 based . 


on selective agglutination counts indicates that the 
extinction point of Cr®! counts following transfu- 
sion of blood previously stored 0 to 8 days range 
from 108 to 115 days. The sole exception was 
found in Experiment 3 in which the end point oc- 
curred at ninety-four days. Inasmuch as the sub- 
ject of this experiment had previously received 


cape detection by the indirect Coomb’s test. Also, 
the donor blood used in this experiment was 
washed twice in isotonic saline before injection, 
a procedure which may conceivably have damaged 
the erythrocytes. 


Effect of erythrocyte storage with Na,Cr?O, on 


: ; : survival 
three experimental transfusions, it may be specu- 


The effect on red cells of prolonged exposure 
TABLE IV to chromium, as evidenced by their post-transfu- 


Rate of chromium 51 elution from circulating sion survival, was studied in Experiments 10 to 19 
donor erythrocytes nm . 
(Table I), which were conducted as follows: 
Preliminary Half life of Two equal portions of fresh ACD blood from 
storage of chromium in 


donor blood red cells the same unit of blood were placed in separate con- 
days . rrr a ‘ # 
—  tainers. To one of these was added Na,Cr"'O,. 


. © ©66i : : 
} oa 65 Soth portions were placed in storage. At weekly 


7 hrs. 90 intervals, 50 ml. samples from each portion were 
8 days 65 . ‘ 
is awe 87 removed and transfused, the portion which had 


= - - been stored without chromium having been tagged 
aqaays / 


a. deme 5] immediately before injection. Comparison of the 

Mean + S.D. 744 33 days  curvival of bl ' : , : ices 

Mean (excluding Exp. 9) + S.D. 77412days — , : . slood stored with and without chro 
mium (Figure 5) indicates that the portion ex- 
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posed to chromium continuously throughout stor- 
age was entirely comparable to the control sam- 
ples labelled immediately before transfusion. 


Effect of red cell exposure to high concentrations 
of Na,CrO, 


I-xposure of red blood cells to scdium chromate 
within the concentration range of 1.8 to 9.5 micro- 
grams per ml. of whole blood (expressed as ele- 
mental chromium ) in four fresh blood samples had 
no apparent influence on immediate post-transfu- 
sion survival (Table I, Figure 2, Figure 5). 

In order to determine the effect of relatively 
high concentrations of chromium on red cell lon- 
gevity, an experiment was performed involving 
the transfusion of two aliquot samples from the 
same unit of donor blood which had previously 
been stored at 4 to 6° C. for fourteen days, then 
labelled Na,Cr®'O,,. 


blood and sodium chromate were such that the con 


with The proportions of 
centrations of chromium metal in the two samples 
differed by a factor of 10, 1.c., 3.1 micrograms as 
compared to 35 micrograms of chromium metal 
per ml. of whole donor blood. Inspection of the 
curves representing the survival of these two por- 
tions (Figure 6) indicates that within twenty-four 
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hours following transfusion 50 per cent of the 
heavily tagged blood was eliminated, in contrast 
to 30 per cent destruction in the case of the lightly 
exposed cells, The results of this single experi 
ment are by no means conclusive, in view of the 
fact that these 
ent recipients, but suggest that exposure to chro- 


observations were made in differ- 


mium in a concentration of 35 micrograms per ml 
of whole blood may have resulted in cell damage 
evidenced by an increase in the proportion de- 
stroyed immediately following injection. Through 
out the remainder of their life span, both the cells 
which had been exposed to the high concentration 
and those which were exposed to the low concen- 
tration of chromium were eliminated at rates that 
were equal to those observed for unlabelled donor 
blood stored in ACD plasma for the same period 
of time. 


Excretion of Cr® 
The excretion of Cr*! in the urine at various in- 
The 


data indicate that for long periods of time after 


tervals after transfusion is shown in Table V. 


the transfusion at least a quarter of the amount of 
Cr*! known to have been removed from the circu- 
lation is excreted in the urine. [Exceptions oc- 
curred during the period of rapid hemolysis in the 
case of Experiments 9 and 15, where only 8.5 per 
cent and 17 per cent, respectively, of the amount 


disappearing from the circulation during the first 


twenty-four and forty-eight hours appeared in 


the urine. Preliminary observations in dogs show 


that during the interval of 0 to 7 days after a 


TABLE V 


Urinary excretion of chromium 51 compared to the amount 
disappearing concomitantly from the circulation 
in eight transfusion recipients 


Per cent 
of Cr# 
disappearing 
from the 
circulation 
excreted 
in the 

urine 


Per cent of 
total injected 
dose of Cr# 
disappearing 
trom circu 
lating blood 
during this 
period 


11.0 


Per cent of 
total Cr 
excreted 
in urine 


Days 

Experi atter 
ment trans 
no fusion 


10 0 
0 29 
46 
64 


8 
15 
) 
8 1.07 
4 
7 
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( 
d 0.97 
0.70 
0.84 
0.72 
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transfusion of poorly preserved blood, 85 per cent 
of which was removed from the circulation during 
the first week post-transfusion, 20 per cent of the 
injected dose was excreted in the urine and 7 per 
cent in the feces. 


DISCUSSION 


The experimental evidence herewith presented 
indicated that 
erythrocytes can be employed for evaluating the 


radioactive, chromium-labelled 


post-transfusion survival of red blood cells for pe- 


riods of at least twenty-four to forty-eight hours 
after transfusion and possibly for much longer 
periods of time, perhaps for their entire life span. 
The method is ideally suited for evaluating the ef- 
fectiveness of in vitro erythrocyte preservation 
techniques, and possibly may prove to be of great 
value for studying the life span of erythrocytes in 
various disease states. 

The considerations which are of paramount im- 
portance in establishing the validity and applica- 
bility of this method are the following : 


(1) The capacity of erythrocytes to bind the 
chromate ion under certain conditions ; 
The “firmness” or permanency of this bind- 
ing ; 

The possibility that the labelling of erythro- 
cytes with radioactive chromium adversely 
influences the survival of the cells in the 
recipient ; 

The possibility that radioactive chromium 
liberated from transfused red cells (either 
by elution or from cellular destruction) 
may re-enter and tag the recipient’s own 
cells ; 

The question as to the safety of this method 
from the standpoint of radiation effects in 
human subjects receiving blood labelled 
with radioactive chromium. 


Erythrocyte-chromium union 


The union between erythrocytes and radioac- 
tive sodium chromate takes place in vitro regard- 
less of the duration of time that the erythrocytes 
have been stored prior to their exposure to so- 
dium chromate. This fact makes possible the 
labelling and subsequent post-transfusion study of 
blood which has been stored for prolonged pe- 
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riods of time before injection. It is also apparent 
from our studies that the chromation of fresh 
blood and storage in the chromated state is in no 
way different from the standpoint of eventual 
post-transfusion survival than chromation of blood 
just prior to transfusion. These features make the 
method eminently satisfactory for a study of blood 
storage methods. 

It is quite feasible to chromate erythrocytes at 
refrigeration temperatures without subjecting them 
to the possibly deleterious influence of incubation, 
since our studies show that erythrocytes will take 
up chromium at 4° C. in quantities sufficient to 
The 


amount of chromium taken up by red cells in- 


allow transfusion — studies. rapidity and 
creases with increase of temperature to 39° C, 

Chromation proceeds slightly more rapidly and 
to a somewhat greater degree at a pH of 6.0 than 
at a pH of 7.2, which is reflected in a greater up- 
take of chromium by blood stored for significant 
periods of time than by fresh blood, since the pH 
of stored blood is lower than that of fresh blood. 

The percentage of sodium chromate bound to 
erythrocytes is not appreciably influenced by the 
amount of chromate ion present within the range 
of 0.25 to 10.0 micrograms of chromium ion per 
ml. of blood. 

Our studies do not provide information as to 
the nature of the chromate-erythrocyte bond— 
whether it be simple physical adsorption, chemical 
linkage, or enzymatic binding. 

The erythrocyte-chromate linkage appears to 
be quite stable, at least im vitro, inasmuch as re- 
peated washings with saline removed negligible 
amounts of the labelling material. /n vivo, how- 
ever, there is a steady and apparently exponential 
disappearance of the radioactive chromium from 
the labelled erythrocytes, half of the chromium 
disappearing in 77 + 12 days in our experiments. 
Such a disappearance might be explained either 
by a process of elution of the chromate ion from 
the erythrocyte, or by preferential rapid destruc- 
tion of the chromated cells. The rather wide range 
of biologic half times may well be accounted for by 
the fact that the bloods on which these elution rates 
were determined had been processed in a variety of 
ways. It may be that freshly drawn and chromated 
bloods reinfused into a recipient may have a more 
nearly constant rate of elution. 





1274 FRANKLIN G. 


Is there labelling of the recipient's erythrocytes by 
radioactive chromium liberated in vivo? 


This is a critical consideration from the stand- 
point of the validity of this method for evaluating 
long-term erythrocyte survival. Thus, if chromate 
ion which has escaped from intact erythrocytes or 
is released by hemolysis from senescent red cells 
were to re-enter and label the erythrocytes of the 
recipient, the rate of the disappearance from the 
circulating cell mass of the recipient could not be 
interpreted in terms of the survival of donor cell 
population, 

Analysis of the cases in which as much as fifty 
per cent of the transfused, labelled cells were de- 
stroyed during the first twenty-four hours after 
transfusion revealed that survival, as measured 
simultaneously by selective agglutination and Cr*? 
methods, agreed closely following this period of 
rapid destruction. If retagging of the recipient's 
red cells had occurred under these circumstances, 
the survival as measured by Cr*! would have been 
significantly higher than that as determined by 
The 


does not exclude re-utilization of the injected Cr® 


selective agglutination. above observation 


by the recipient’s bone marrow and the gradual 


incorporation of Cr** in recipient red cells. This 


possibility is excluded by the observation that after 


the injection of Cr®'-tagged hemoglobin, none ap- 
peared in the recipient’s red cells at any time dur 
ing the following month. 

Since from | to 17 per cent of the injected chro- 
mate was not bound to the donor cells employed 
in this study, but was present in the donor plasma, 
the possibility existed that recipient cells could 
have been tagged by this “free” chromate. Ex- 
periments have shown that no more than 12 per 
cent of the injected aqueous chromate is attached 
to the recipient’s red cells. Thus, no more than 
12 per cent of the total amount of injected Cr® 
contained in the donor plasma could have become 
bound to the recipient’s cells. This observation 
has practical as well as theoretical importance, 
since it makes unnecessary the processing of blood 
with the aim of complete removal of the portion 
of added sodium chromate which does not become 


fixed to the red cells. 
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The tn vivo survival of chromated erythrocytes 


Careful determination of the survival of chro- 
mated erythrocytes by the Ashby differential ag- 
glutination method indicates that during the first 
twenty-four to forty-eight hours after transfusion, 
the behaviour of chromated cells is quite compara- 
ble to the survival which would be expected of 
non-chromated red cells. This is true of fresh 
bloods in which survival of the transfused cells is 
normal, and of bloods stored for prolonged periods 
of time in which there is initial rapid destruction 
of the donor cells. These findings establish the 
validity of the chromated cell method of evaluating 
the effectiveness of blood preservation methods, 
since it is the survival of donor cells in the im- 
mediate post-transfusion period which is of para- 
mount importance in evaluating the viability of 
transfused erythrocytes. 

The survival values of the bloods stored for 
prolonged periods of time in ACD medium as 
indicated by the chromated cell method are lower 
by some 10 per cent than the values previously re- 
ported as determined by the radio-iron tagged cell 
method (1-3). This discrepancy might be ex- 
plained by the fact that the hematocrit value em- 
ployed in calculating red cell survival in these 
studies was not modified by a correction factor as 
was done in the studies on survival of radio-iron 
tagged cells. It might also reflect a deleterious in- 
fluence of sodium chromate on the erythrocytes. 
The concentration of chromium which is definitely 
injurious to erythrocytes has not been determined 
in this study. Suggestive evidence was obtained 
which indicated that a concentration of 35 micro- 
grams of sodium chromate (expressed as ele- 
mental chromium) per ml. of whole blood did 
shorten the immediate post-transfusion survival of 
the labelled erythrocytes. On the other hand, 
variations in concentrations of chromium from 
1.8 to 9.5 micrograms per ml. of whole blood did 
not have any detectible influence on post-trans- 
fusion survival of labelled erythrocytes. Until 
more data are obtained on the upper limits of 
chromium concentration not toxic to erythrocytes, 
it is suggested that future survival studies of 
chromium-labelled erythrocytes be performed on 
blood exposed to concentrations of chromium of 
one microgram or less per ml. of whole blood. 
The specific activity of radioactive sodium chro- 
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mate currently available is of sufficient magnitude 
to allow satisfactory red blood cell survival experi- 
ments to be conducted at this level of chromium 
concentration. Survival of chromated cells over 
prolonged periods after transfusion appears to be 
somewhat less than the customarily accepted mean 
It is possible that fur- 


survival time of 120 days. 
ther studies may show that these particwar ob- 


served values may be within the normal biologic 
range of erythrocyte survival. If this shortening 
of survival by 10 per cent is found to be con- 
stant, however, it should not invalidate the pos- 
sible value of long-term survival studies in which 
relatively large changes in rates of erythrocyte 
destruction are in question (¢.g., in acquired he- 
molytic anemia, or during induced hemolytic 
states). Preliminary observations indicate that 
the method yields valuable information in study- 
ing the survival of an individual’s own red cells 
within his own body. 


Amount of radiation received by the recipient 
from injected Cr®*"! 

If the Cr®! which leaves the circulation becomes 
evenly distributed throughout all the body tissues, 
the circulating blood would contain the greatest 
concentration of Cr®*. The amount of Cr®! giving 
no more than 0.3 rep during one week would be 
320 microcuries for a subject with a blood volume 
of 5000 ml. (16). Preliminary data obtained in 
dogs indicate that one week after the transfu- 
sion of poorly preserved blood,’* the Cr®* which 
left the circulation was not evenly distributed 
throughout all the tissues, but was present in high- 
est concentration in the spleen, liver, and bone 
marrow. The concentration of Cr*! per gram of 
spleen was 10 times the concentration occurring 
in the liver and bone marrow so that the spleen 
contained one-third of the injected dose. If one 
wssumes a similar type of distribution in human 
subjects, an individual experiencing very rapid 
hemolysis of donor cells (1.e., 50 per cent or more 
in one day), which contained 320 microcuries, 
would be exposed to no more than 1.7 rep per 


week delivered to the spleen. In this case it would 


11 The authors wish to express their appreciation to 
Dr. Gerald J. Hine for valuable aid and criticism in calcu- 
lation of the radiation doses presented. 

1285 per cent of injected cells were destroyed in one 
week. 
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be the dosage received by the spleen which would 
be the limiting factor in the amount of Cr®? which 
could be safely injected. In experiments where 
fresh ACD blood containing 320 microcuries is 
transfused, the spleen of the recipient would re- 
ceive no more than 0.8 rep per week. The above 
calculations are conservative inasmuch as it is 
assumed that all the Cr®' going to the spleen re- 
mained there and was not cleared from this tissue 


and that no Cr°! was excreted. 


Practical application of the radioactive chromate 
erythrocyte survival method 


In the light of our present information, the radio 
active chromate method appears ideally suited for 
evaluation of immediate post-transfusion survival 
of erythrocytes, either freshly drawn or stored 
blood. The method is technically simple, highly 
accurate, can be performed with small aliquots of 
blood, allows study of the survival of an indi- 
vidual’s own erythrocytes in his own vascular sys 
tem. It makes possible transfusion studies with- 
out the hazard of transmitting virus hepatitis, and 
is harmless from the standpoint of the hazard of 
radiation. 

It is of definite value in following short-term 
variations in erythrocyte survival and possibly may 
be proven to be of value in studying small changes 
in long-term red cell survival. 


SUM MARY 


1. Erythrocytes in ACD whole blood mixture 
combine rapidly and firmly with the radioactive 
chromate ion. After equilibration for three hours 
at 4 to 6° C., 60 per cent was bound to the red 
blood cells and 90 per cent was fixed after equili- 
bration for one hour at 25 to 26° C. This is true 
of both freshly drawn blood and blood stored at 
4° C. for as long as thirty-six days. The concen- 
tration of this chromate salt shows no marked 
effect on the rate of Cr! uptake within the limits 
of 0.25 te 9.5 micrograms. The rate of erythro- 
cyte Cr*! uptake increased inversely with the pH 
within the observed range of 6.0 to 7.2. 

2. Post-transfusion survival as determined by 
the selective agglutination method of erythrocytes 
tagged with sodium chromate in concentrations of 
less than 10 micrograms per ml. of whole blood is 
2 to 10 per cent shorter than the post-transfusion 
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survival of nonchromated cells. This somewhat 
shorter survival of the chromated cells may or may 
not be within the range of the normal biological 
variations. 

3. Na,Cr*'O, released from destroyed trans- 
fused erythrocytes is not re-utilized to tag the 
recipient's own red blood cells. 

4. The concentration of Cr*! in the circulating 
donor erythrocytes decreases slowly at an ex- 
ponential rate with a half-life 77 + 12 days. This 
may be due to elution of Cr*! from the circulating 
donor cells, 

5. The survival of stored blood can be meas- 
ured accurately by the chromium tagging tech- 
nique for a period of forty-eight hours after trans- 
fusion without correcting for the small amount of 
chromium leakage. If corrections for the amount 
of Cr® elution can be made, the method would 
allow measurement of post-transfused erythrocytes 


for periods of as long as three months. 
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Recent observations (1, 2) in certain American 
Negroes, of a previously unrecognized abnormal 
hemoglobin, now designated as hemoglobin C,? 
constitute a significant advance in knowledge of 
familial anemias. The introduction of filter paper 
electrophoresis (3, 4) for identification of ab- 
normal hemoglobins (5, 6) has facilitated the 
study of specimens of hemoglobin from a large 
With this laboratory pro- 
cedure, the presence of hemoglobin C alone or in 


number of subjects. 


combination with another hemoglobin can readily 
be detected. 

This report deals with the clinical and hemato- 
logical manifestations which have been encoun- 
tered in patients with hemoglobin C. Of the total 
of twelve individuals included in the present study, 
one patient was found to have hemoglobin C alone, 
and thus represented the homozygous state for the 
gene for this abnormal hemoglobin. Five patients 
had the combination of genes fer sickle and C he- 
moglobin and therefore belong to the group of pa- 
tients with “sickle cell-hemoglobin C disease” (7) 
first described by Kaplan, Zuelzer, and Neel (1). 
The findings in six individuals with a mixture of 
hemoglobin C and normal hemoglobin are sum- 
marized in the discussion. The finding of a pa- 
tient whose hemoglobin was entirely of the “C” 
variety afforded an opportunity to study some of 
the physico-chemical characteristics of this ab- 
normal hemoglobin, which are included in the 


present report. 

1 Present address: Army Medical Service Graduate 
School, Washington, D. C. 

2 The designation of hemoglobins in this report con- 
forms with the recommendations of the Symposium of 
the Hematology Study Section of the Division of Research 
Grants of the National Institutes of Health (Blood, 1953, 
8, 386). 


CASE HISTORIES 


Homosygosity for the gene for hemoglobin C: 
“Hemoglobin C Disease” 


M. B., a Negro housewife, 35 years of age, had two 
brief episodes of joint pains at age 21 and at age 24. 
Each episode consisted of two to three days of swelling 
and of tenderness of wrist and interphalangeal joints with 
prompt and complete clearing of symptoms thereafter. 
She had four uneventful pregnancies and four living 
children. The patient was first seen here in 1946 at the 
age of 29, for arthralgias and urticaria of one week's 
duration. Physical examination revealed a small, well 
developed, well nourished young Negro woman who ap- 
peared neither acutely nor chronically ill. No unusual 
features of skeletal development were noted. The spleen 
was palpable 5 cm. below left costal margin, urticarial le- 
sions were scattered over the face, trunk and extremities, 
and the right ankle joint was noted to be slightly swollen 
and tender. 

Laboratory studies showed a hemoglobin of 10 Gm. per 
100 ml., hematocrit of 31 per cent, red blood cell count of 
3.2 million per cu. mm., leucocyte count of 10,400 per 
cu. mm., with a normal differential count. The stained 
bloodsmear showed nearly 100 per cent target cells with 
anisocytosis, poikilocytosis and polychromatophilia. Re- 
ticulocytes numbered 3.3 per cent, with platelets of 212,000 
per cu. mm. Sickling preparation was negative. An os- 
motic fragility test showed decreased fragility to hypo- 
tonic saline (range 0.375 per cent to 0.20 per cent for pa- 
tient’s erythrocytes; control 0.45 per cent to 0.30 per cent). 
The sedimentation rate was 6 mm. in one hour ( Wester- 
gren). Uri- 
nalysis was negative and cephalin flocculation test was 
negative. The serum albumin was 4.8 Gm. per cent and 
serum globulin was 2.2 Gm. per cent. X-rays of the chest 
revealed normal heart size. No bony abnormalities were 
noted in x-rays of the skull or chest 

Urticaria and joint pains subsided within a few days 
and have not recurred. The patient has been seen fre- 
quently during the last six years and has been completely 
asymptomatic. The splenomegaly has not changed dur- 
ing that time 1.2 Gm. of ferrous sulfate 
daily for five years; however, the hemoglobin level has 
remained between 10 and 12 Gm. per 100 ml. with reticu 
locytes of 3 or 4 per cent 
present on all stained blood smears 
piration 
was negative, repeated sickling tests, employing either 


The serum bilirubin was 1.2 mg. per cent. 


She received 


Many target cells have been 
Zone marrow as- 


showed erythroid hyperplasia. Coombs’ test 
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sealed wet preparations or sodium metabisulfite, have 
been negative and erythrocytes have continued to show 
decreased osmotic fragility. Mechanical fragility (8) was 
slightly increased, as shown by values of 9 per cent and 
11 per cent (normal less than 6 per cent by method used 
in this laboratory). In 1952, filter paper electrophore- 
sis showed that all of the hemoglobin of this patient was 
of the hemoglobin C variety. 

The incidence of hemoglobin C 
patient is depicted in Figure 1. 


in the family of this 


The combination of genes for sickle cell hemoglobin and 
hemoglebin C: “Sickle cell-hemoglobin C disease” 


Case I 


M. S., a 15-year-old Puerto Rican boy, was first seen in 
1952 because of pain in the right knee of 12 hours’ dura- 
tion. The family history revealed that he had one 
younger sister who had attacks of joint pains accompanied 
by jaundice. His maternal great-grandmother was said 
to have been Negro. Since the age of five years, the pa- 
tient had had attacks of migratory polyarthritis which 
were transient and cleared without residual joint de- 
formity. With several of these episodes of arthritis, he 
was thought to have been icteric. 

Physical examination revealed a short, well developed 
Puerto Rican boy with pain in the right knee. There was 
no jaundice or cardiac murmur. The liver and spleen 
were not palpable. The right knee showed slight swelling 
with tenderness, increased heat and limitation of motion. 
No other joints were involved. 

Laboratory study revealed a hemoglobin of 12 Gm. per 
100 ml., erythrocytes of 3.8 million per cu. mm., white 
blood cells of 5700 per cu. mm. with a normal differential 
Many target cells were noted in the stained 
Sickle cell preparation was positive. Reticulo- 
Serum bilirubin was 0.9 mg. per 


count 
smear 
cytes were 2.9 per cent 
cent. An electrocardiogram was within normal limits 
and the chest x-ray showed questionable cardiac enlarge- 


ment. Roentgenograms of the skull, chest and knees 
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showed no bony abnormalities. The pain in the right 
knee subsided within a few days and the patient was 
asymptomatic thereafter. The filter paper electrophoretic 
pattern of the hemoglobin of this patient revealed a mix- 
ture of sickle cell and C hemoglobin. Subsequently blood 
specimens of other members of the family were received 
from Puerto Rico; the distribution of various hemoglobins 
in members of this family is shown in Figure 2. The 
sister, who also had recurrent bouts of arthritis and jaun- 
dice, had a hemoglobin pattern identical with that of the 
patient. The patient’s family lived in Puerto Rico and 
was unavailable for other studies. 


Case II 


C. S., a 22-year-old Negro male, was first seen in 1951 
when he had a brief episode of pain in the low back and 
in the left testicle. Five years before, an episode of ar- 
thritis of the hips and knees, followed by painless hema- 
turia, had been called acute rheumatic fever. Physical 
examination in 1951 was normal except for a spleen pal- 
pable 5 cm. below the left costal margin. Laboratory 
studies revealed a hemoglobin of 10.4 Gm. per 100 ml. 
erythrocyte count of 3.9 million per cu. mm., leucocytes 
of 6900 per cu. mm., with a normal differential count. 
Many target cells were noted on the stained smear. Sick- 
ling preparation was positive and ESR was 11 mm. in one 
hour (Westergren). 

In 1951, painless hematuria recurred. Retrograde pye- 
lograms suggestive of pyelonephritis. 
Urine specimens were negative for tubercle bacilli. An 
electrocardiogram was within normal limits; chest x-ray 
showed slight cardiac enlargement. Except for hema- 
turia, the patient has remained asymptomatic. Filter pa- 
per electrophoresis of his hemoglobin in 1952 showed a 
mixture of sickle and C hemoglobin. Results of further 
hemoglobin studies carried out on members of this family 


showed changes 


are depicted in Figure 3. 


Case III 


C. W., a Negro woman, was first seen in 1948 at the 


age of 24 during her first pregnancy. She had had re- 
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current bouts of arthralgias, sometimes accompanied by 
swelling of the joints, during the past 11 years. No 
abnormalities were noted on physical examination during 
the third month of pregnancy. Pregnancy proceeded un 
eventfully until the eighth month when the patient de- 
veloped pleuritic pain and fever with changes in the chest 
x-ray compatible with pneumonia or with pulmonary in 
farctions. With this illness the hemoglobin fell to 4.8 
Gm. per 100 ml. (from a level of 9.5 Gm. per 100 ml. 
during the third month of pregnancy), and the white blood 
cell count was found to be 3070 per cu. mm. There were 
11 per cent myelocytes and 95 nucleated erythrocytes per 
100 leucocytes on the stained blood smear. No increase 
in reticulocytes occurred; osmotic fragility was decreased 
(0.32 per cent to < 0.28 per cent saline for erythrocytes 
of patient; control 0.40 per cent to 0.32 per cent saline). 
Premature labor began on the third day of hospitalization, 
and a living male infant was delivered. The pulmonary 
lesions and fever slowly subsided, and the anemia re- 
sponded satisfactorily to blood When 
the patient was seen one month later, splenomegaly was 
noted, the hemoglobin had risen to 12 Gm. per 100 ml 
and sickling was demonstrated for the first time. Since 
then, blood smears have repeatedly shown numerous tar- 
get cells with anisocytosis and polychromatophilia. The 
patient has been well except fer aching pains in the left 
leg. X-rays of the left hip have shown progressive 
sclerosis and flattening of the left femoral head, probably 
the result of Filter paper electro- 
phoretic analysis of her hemoglobin, done in 1952, revealed 
the combination of sickle cell hemoglobin and hemoglobin 
OF 


transfusions. 


ischemic necrosis. 


Case IV 

M. D., a Negro girl was first seen in the Babies’ Hos- 
pital in 1951 at the age of 12 for low-back pain of six 
hours’ duration. There was no history of any previous 
bone or joint pain and six hours after its onset the back 
pain had disappeared. Physical examination was entirely 
negative except for a palpable spleen tip. Laboratory 
studies showed hemoglobin to be 6.0 Gm. per 100 ml., 
leucocytes numbered 10,900 per cu. mm. with 84 per cent 
were 3.9 
She had 
a low-grade fever during the early part of hospitaliza- 


polymorphonuclear leucocytes. Reticulocytes 


per cent and a sickling preparation was positive. 


tion and there was a transient increase in the splenomegaly 
Since hospitalization she has been completely asympto- 
matic and the hemoglobin level has ranged from 8 to 11 
Her hemoglobin was studied in 1952 and 
found to be a mixture of sickle hemoglobin and hemo- 


Gm. per 100 ml 


globin C. 


Case V 

E. H., a Negro boy, was first admitted in 1952 at the 
age of 12, for weight loss of two and one-half months’ 
duration. The patient had had an episode of painless 
hematuria two and one-half months before admission and 
although the hematuria disappeared, weight loss had con- 
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tinued since that time. There was no previous history of 
anemia, of bone or joint pain or of jaundice 

Physical examination revealed an alert well developed 
boy not appearing ill. The liver was slightly enlarged 
and the spleen was felt 4 cm 
Laboratory studies revealed a hemoglobin of 10.5 Gm. pet 
100 ml. with white blood cells 4600 per cu. mm 


target 


below left costal margin 


and a 


normal differential count. Numerous cells were 


seen on the blood smear. Two sickling preparations were 
negative. 


noted in the osmotic fragility test (range from 0.425 per 


Increased resistance to hypotonic saline was 
cent to 0.225 per cent saline for patient’s erythrocytes with 
control range from 0.500 per cent to 0.375 per cent saline) 

X-rays of the chest showed tuberculosis of the child 
hood type in the right lung, and gastric aspiration was 
acid-fast bacilli Urological studies, in 
retrograde pyelography and 
specimens of urine for 


positive for 
cluding examinations of 
tubercle bacilli yielded no evi- 
dence of genito-urinary tuberculosis 

Further studies, including G.I. series, barium enema 
and intravenous urography, were all within normal limits. 
Because there was some uncertainty about the nature of 
the left upper quadrant mass, an exploratory celiotomy was 
done. The mass was identified as an enlarged spleen, 
and a splenectomy was performed. The histological ex 
amination of the spleen suggested sickle cell anemia and 
subsequently, several sickling preparations posi- 
tive. The patient recovered uneventfully from the op- 


eration. 


were 


However, since discharge from the hospital, chest 
x-rays have shown progression of the pulmonary tuber- 
culosis. 

affected by 
splenectomy; one year after the operation the hemoglobin 


The slight anemia was apparently not 


was 10.6 Gm. per 100 ml. with leucocytes of 7000 per 
cu. mm., and reticulocytes of 2.4 per cent. Filter paper 
electrophoresis, carried out in 1953, revealed this patient's 
hemoglobin to be a mixture of sickle hemoglobin and 
hemoglobin C. 
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GENETIC STUDIES 

The results of hemoglobin studies in members 
of three families in which hemoglobin C occurred, 
In family M. S., 
three types of offspring resulted from the mating 
of a male with sickling trait and a female with 
Two of the children had the 
doubly abnormal heterozygous state for genes 


are shown in Figures 1 to 3. 


hemoglobin C trait. 


responsible for hemoglobin since their hemoglobin 
was a mixture of sickle and C hemoglobin; a 
third child had hemoglobin C trait and a fourth 
had sickling trait. The fourth possible combina- 
tion, 1.e., of entirely normal hemoglobin, occurred 
in none of the offspring. 

Patient M. B. (homozygous for the gene for 
hemoglobin C), her husband, whose hemoglobin 
was normal, and their four children provided an 
unusual opportunity to study the mode of inheri- 
tance of hemoglobin C. Each of the four children 
was found to have the combination of hemoglobin 
That all of these chil- 
dren, genetically first generation (F,) hybrids, 
are uniform in their hereditary traits with respect 
to hemoglobin, is strong evidence that the pres- 


C and normal hemoglobin. 


ence of hemoglobin C is determined by a gene 
which is transmitted as a simple, although incom- 
plete, Mendelian dominant. 


LARSON, AND GEORGE H. 
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This hypothesis first formulated by Kaplan, 
Zuelzer, and Neel (1), received further support 
from the studies in family C. S. In this family, 
where C. S., the father, had two abnormal hemo- 
globins (sickle cell and C hemoglobin), and the 
mother had normal hemoglobin, one son had a 
mixture of sickle and normal hemoglobin, and the 
other son, a mixture of hemoglobin C and normal 
hemoglobin. 


Studies of hemoglobin C 


The studies of hemoglobin C employed hemo- 
globin specimens prepared by the method of Drab- 
kin (9) from the blood of patient M. B. 

Filter paper electrophoresis was carried out 
on samples of hemoglobin C, normal hemoglobin 
and sickle hemoglobin; dye elution curves, pre- 
pared by the method previously described (6), are 
shown in Figure 4. Under the conditions em- 
ployed for filter paper electrophoresis, hemoglobin 
C has the lowest mobility of any hemoglobin stud- 
ied. The great difference in mobility of hemo- 
globin C and the other hemoglobins makes filter 
paper electrophoresis a suitable technique for the 
identification of this abnormal hemoglobin. 

Moving boundary electrophoresis was carried 
Veronal 


out on specimens of hemoglobin C. 


ELUTION CURVES OF HUMAN HEMOGLOBIN 
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Fitter PAper ELeEcTROPHORESIS—DyE ELUTION TECHNIQUE 


Abscissa represents distance in centimeters from original site of placement 


of hemoglobin specimens (6). 





OBSERVATIONS ON HEMOGLOBIN C 


Fic. 5. AScENDING BouNDARY OF HEMOGLOBIN C IN 
TIseELIuS APPARATUS 


Conditions of analysis are given in text. 


buffer, ionic strength 0.1, pH 8.6 was employed 
for these analyses; a preliminary 24-hour dialysis 
of the hemoglobin specimens against the veronal 
buffer was carried out. Values for mobility were 
the same for ascending and descending boundaries: 
2.6 X 10°° cm.? volt"? sec.-*. 

A photograph of the ascending boundary of one 
of these specimens is shown in Figure 5, 

That there is a small amount of skewing pres- 
ent in this patteri is obvious. 
result of impurities in the hemoglobin specimen 
which was not crystallized, or it may result from 
an admixture with a small amount of another 
type of hemoglobin. 

The electrophoretic properties of human hemo- 


This may be the 


globins including mobility studies have been sum- 
marized by Itano (7) who found the mobility of 
hemoglobin C in cacodylate buffer at pH 6.5 to be 
3.2 X 10-5 cm.? volt" sec.*. 

The ultra-violet absorption spectrum of hemo- 
globin was determined with a Beckman DU spec- 
trophotometer. The absorption spect-um of he- 
moglobin C was found to be the same as that of 
normal hemoglobin. 

Ultra-centrifugation studies of hemoglobin C 
yielded a sedimentation constant of 4.4 x 10°38, 
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This is in good agreement with values of 4.4, X 
10°'8 obtained for normal hemoglobin by Peder- 
sen (10). 

Alkali denaturation of a sample of hemoglobin 
C by the method of Singer, Chernoff, and Singer 
(11), showed 0.7 per cent alkali resistant hemo- 
globin. This is within the range of values ob- 
tained for normal hemoglobin. 

The characteristic electrophoretic mobility, dem- 
onstrable by either moving boundary or filter pa- 
per electrophoresis, provides the only laboratory 
method for the identification of hemoglobin C at 
this time. Studies of the immunological proper- 
ties and of the crystalline character of hemoglobin 
C are in progress. 


DISCUSSION 


Clinical and Hematological Manifestations Re- 
sulting from the Presence of Hemoglobin C 


The homozygous state with respect to the gene 
for hemoglobin C 


Since only one patient (M. B.), whose hemo- 
globin consists entirely of hemoglobin C was stud- 
ied, no general conclusions can be drawn about the 
clinical syndrome. However, certain clinical and 
hematological features of the present case will be 
pointed out, 
toms except for three episodes of transient ar- 


This patient had virtually no symp- 


thritis. She had splenomegaly for many years and 
the hemoglobin level remained at 10 to 12 Gm. 
per 100 ml. with mild reticulocytosis and erythroid 
hyperplasia of bone marrow. The stained smears 
showed nearly all the erythrocytes to be target 
cells. In contrast with many patients with sickle 
cell disease, this patient with “hemoglobin C dis- 
ease” never had crises with anemia and had four 
uneventful pregnancies. 

Although this patient had few manifestations of 
her hematologic disorder, her erythrocytes ex- 
hibited marked 
blood smear (greater number of target cells and 
more marked poikilocytosis) than did the eryth- 
rocytes of any of the other patients in this report. 

Kaplan, Zuelzer, and Neel (1) and Neel, Itano, 
and Lawrence (12) suggested that the homozygous 


more abnormalities on stained 


state for the gene responsible for hemoglobin C 
might correspond to a previously recognized he- 


matologic entity. Some of the reported cases of 


Mediterranean anemia occurring in Negroes may 
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well have been individuals homozygous for hemo- 
globin C. In four such cases reported by Schwartz 
and Mason (13) large numbers of target cells were 
found, in addition to splenomegaly and decreased 
erythrocyte fragility. However, in two of their 
cases hemoglobin values were approximately 50 
per cent, and in all, erythrocyte counts were dis- 
proportionately elevated with respect to the cor- 
responding hemoglobin levels. It is, therefore, not 
possible to conclude from the available data whether 
any reported cases of Mediterranean anemia in 
the Negro were in reality examples of the homozy- 
gous state for hemoglobin C. It seems preferable 
to classify M. B., the case reported here, as an ex- 
ample of “hemoglobin C disease,” rather than to 
attempt to clarify the relationship to previously 
reported patients in whom electrophoretic studies 
of the hemoglobin were not done. 
The combination of the genes for sickle cell he- 

moglobin and hemoglobin C 

The outstanding clinical and hematological fea- 
tures of patients with the combination of the genes 
for sickle and C hemoglobin are shown in Table T. 
This syndrome has been designated “sickle cell- 
(7). 


tures which aid in distinguishing this disease state 


hemoglobin C disease” Some clinical fea- 


from sickle cell anemia have been pointed out by 


TABLI 


Summary of clinical and hematological findings in 


LARSON, AND GEORGE H. 


MCCORMACK, JR. 
Kaplan, Zuelzer, and Neel (1). The course is 
more benign, the anemia milder, and there is pro- 
gressive splenic enlargement. It should be noted 
that the patients of the present study were some 
what older than those reported by Kaplan. In 
our patients, the anemia was milder and symptoms 
were fewer than in most patients with sickle cell 
anemia. However, one patient (M. S.) did not 
have a palpable spleen and another (M. D.) has a 
barely palpable spleen tip. In none of the pa- 
tients has there been significant progression of 
the splenomegaly during the period of observa- 
tion. Splenectomy, which was performed in one 
patient, did not correct the mild anemia. 

An outstanding feature in the history of three of 
the patients was the occurrence of arthritis. In 
four patients (including the sister of M. S.) ar- 
thritis had been a major complaint. While poly- 
arthritis occurs frequently in sickle cell anemia, 
the fact that it occurred in four of these patients 
with the combination of sickle and C hemoglobin 
as well as in patient M. B. who had only hemo- 
globin C, is of interest. Obviously too few cases 
have been studied to draw any conclusions at this 
time, 

Sone changes, which are frequently seen in clas- 
sical sickle cell anemia were found in only two pa- 


tients. One, patient E. H., had cortical defects in 


five patients with the combination of the genes 


for sickle cell hemoglobin and hemoglobin Cc 


Spleno 


ily* 


Joint 
symptoms 


Present 
age 


M.S. 15 


Anemic 


Patient rises meg 


frequent t none 


arthritis 
24 one severe 5 cm. 
attack of 
arthritis 


frequent 
arthralgias 


one attack barely 


back pain 


none 4 cm. 


palpable 


'Tanat 
‘ Target 


hemoglobin 
evels cells 


changes ; 
in bones Gm 
many 

(20-40%) 


none 11 


many 
(30-40%) 


none 


many 
(30-40%) 


ischemic 
necrosis 
left femoral 
head 


occasional 
(4%) 


none 


frequent 
(10%) 


cortical 
defects 
long bones 


* Figure refers to centimeters palpated below left costal margin. 
t No anemic crises ever documented 
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several long bones, which are of uncertain signifi- 
cance. The other patient (C. W.), however, has 
a severe deformity of the left femoral head, roent- 
gengraphically indistinguishable from bony lesions 
associated with classical sickle cell anemia. 

The hematological findings in these patients 
were similar to those previously reported (1). 
Nearly normal hemoglobin values, with a mild 
reticulocytosis, were found in all the patients. 
Two patients had crises accompanied by more se- 
vere anemia, but higher hemoglobin levels were 
quickly regained. Target cells were found on 
stained blood smears of all of the patients; in 
three of the patients, target cells constituted 50 to 
60 per cent of the erythrocytes, but in two patients, 
target cells were as few as 10 and 4 per cent. 

From the findings in the few recognized cases 
of the syndrome which accompanies the combina- 
tion of sickle and hemoglobin C, it appears that this 
disorder has manifestations as variable as those of 
classical sickle cell anemia. At the present time 
it is not possible to arrive at the diagnosis of he- 
with sickle hemo- 


moglobin C in combination 


globin on clinical grounds alone. In adult pa- 
tients, the clinical picture of sickle cell anemia may 
be extremely variable, and patients have been en- 
countered who had some or all of the clinical and 
hematological features ascribed to the combination 
of sickle and C hemoglobin, but whose hemoglobin 
was entirely of the sickle variety as determined by 
filter paper electrophoresis. 


The combination of the genes for hemoglobin C 

and normal hemoglobin 

Six subjects with hemoglobin C trait were stud- 
ied; they were completely symptom free and in 
none were any abnormalities found on physical 
examination. The hemoglobin values ranged from 
11 to 12 Gm. per 100 ml. (within normal limits for 
the age groups to which the patients belonged). 
Reticulocytes were not significantly elevated, val- 
ues ranging from 0.6 to 1.6 per cent. ‘The occur- 
rence of target cells in association with hemoglobin 
C trait has been noted previously (1); a few tar- 
get cells were seen in the blood smears of all the 
individuals with hemoglobin C trait encountered in 
this study. In addition, mild degrees of hypo- 
chromia were noted in a few blood smears, but 
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neither the number of target cells nor the degree 
of hypochromia was striking. 


SUMMARY 


The clinical and hematological findings in a 
patient whose hemoglobin was entirely of the he- 


moglobin C type have been described. The out- 
standing features were splenomegaly, striking 
numbers of target cells on stained blood smears, 
mild reticulocytosis, and a nearly normal hemo- 
globin level. 

Five patients whose hemoglobin was a mixture 
of sickle and C 
Although the clinical picture may be variable, most 
of these patients had splenomegaly with nearly 


hemoglobin were described. 


normal hemoglobin values and a mild reticulo- 
cytosis. Two of the patients had crises with ane- 
mia and one patient had roentgenographic evi- 
dence of bone infarction. 

Studies of the occurrence of hemoglobin C in 
various families confirm the theory proposed by 
Kaplan, Zuelzer, and Neel (1) that the presence of 
hemoglobin C is determined by a gene which is 
transmitted as a simple Mendelian dominant. 

Studies of hemoglobin C including electrophore 
sis, ultra-centrifugation, ultra-violet absorption 
spectrum and alkali denaturation indicate that this 
abnormal hemoglobin can be identified only by 
electrophoresis at this time. 


ADDENDA 
Since this paper was submitted for publication, 
a patient homozygous for hemoglobin C has been 
described by T. Spaet (Pediatrics, In press). 
Also, we have since encountered seven additional 
patients with the combination of the genes for 
Features of sickle cell 


hemoglobin C disease in these additional patients 


sickle and C hemoglobin. 
are similar to those reported. 
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While searching for derivatives of d-tubocura- 
rine, Barlow and Ing (1) and Paton and Zaimis 
(2) independently synthesized a series of poly- 
methylene bistrimethylammonium salts. The lat- 
ter investigators demonstrated that the pharma- 
cological properties of this series were related to 
the length of the polymethylene chain; the deca- 
compound produced neuromuscular block while 
the penta and hexa-compounds prevented the 
transmission of impulses across the synapses in 
all autonomic ganglia. They also carried out pre- 
liminary trials in man (3) but Arnold and Rosen- 
heim were the first to use these agents in hy- 
pertension (4). Finally, and Smirk 
demonstrated that it was possible to reduce blood 


Restall 


pressure and obtain clinical improvement in hyper- 
tensive patients for long periods by the use of 
repeated parenteral doses of hexamethonium (5). 

Studies in this laboratory have confirmed the 
observations of Restall and Smirk and in addition 
have shown the potentiating effect of 1I-hydra- 
alternated 
with doses of hexamethonium in patients with hy- 


zinophthalazine (Apresoline) when 


pertension (6,7). Our studies also suggested that 


hexamethonium may be useful in the treatment of 


1 Supported in part by research grants from the Na- 
tional Heart Institute, U. S. Public Health Service, the 
Squibb Institute for Medical Research, New Brunswick, 
New Jersey, Irwin, Neisler and Company, Decatur, II- 
linois and Ciba Pharmaceuticals, Summit, New Jersey. 

2 Sponsored (in part) by the VA and published with 
the approval of the Chief Medical Director. The state- 
ments and conclusions published by the authors are a re- 
sult of their own study and do not necessarily reflect the 
opinion or policy of the Veterans Administration. 

8 Hexamethonium dibromide (Bistrium) was supplied 
by H. Sidney Newcomer, M.D., E. R. Squibb and Sons, 
New York, New York. 

4 Research Fellow—Washington, D. C., Heart Associ- 
ation. 


1952; accepted August 14, 1953) 


acute peripheral vascular disorders associated with 
neurogenic vasospasm as well as in the evaluation 
of the sympathetic vasoconstrictor component in 
cases of peripheral vascular disease (8). Since 
from these previous studies it appeared that hexa- 
methonium was a potent agent both for reducing 
blooa pressure and increasing foot and digital 
blood flow a more complete analysis of its hemo- 


dynamic effects seemed indicated. 


METHODS 


The subjects were 25 hypertensive patients admitted 
to the wards of Georgetown University Hospital and the 
Veterans Administration Hospital and four normoten- 
sive young males (medical students). Hexamethonium 
was administered intravenously at a rate of 1 to 2 mg. 
per minute for the first 15 mg. and then at a rate of 5 
mg. per minute, in all instances until a significant hy- 
potensive effect had been obtained or until 50 to 100 mg. 
had been administered. All dosages refer to the amount 
of hexamethonium ion administered. 

The methods used in this investigation were essentially 
similar to those described in a previous communication 
(9), with the following exceptions: the determination of 
arteriovenous oxygen difference were carried out using the 
spectrophotometric method of Hickam and Frayser (10) 
The oxygen content of the expired air was determined 
type The total 
peripheral resistance was calculated according to the 
method of Green, Lewis, Nickerson, and Heller (11). 
In the muscle blood flow experiments it was necessary to 


using a Pauling oxygen analyzer.® 


estimate the mean arterial pressure from the values for 
systolic and diastolic pressure as determined by the 
auscultatory method. The formula used was as follows: 
mean arterial pressure = .436 (pulse pressure) + diastolic 
pressure (12). 


ously described except that a strain gage,® with a car- 


Calf blood flow was measured as previ- 


5 Model C, Arnold O. Beckman, Inc., South Pasadena, 
California. 

6 Model P-23-B, Statham Laboratories, Beverly Hills, 
California, 
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rier-wave type amplifier and direct writing oscillograph,’ 
replaced the Brodie’s bellows apparatus. Glomerular fil- 
tration rate was determined by the clearance of sodium 
thiosulfate (13). 

RESULTS 
I. Cardiac function 


Cardiac output, mean arterial pressure and total 
peripheral resistance 

The changes in cardiac output and total periph- 
eral resistance seemed to vary with the state of 
cardiac compensation. In the hypertensive pa- 
tient with a compensated heart the usual response 
to hypotensive doses of hexamethonium was a 
slight decrease in cardiac output. Thus, in 11 post- 
treatment analyses carried out in six patients with- 
out heart failure the cardiac output decreased by 6 
to 38 per cent (mean 22.0 per cent, S.D. 9.3) 
(Table I, Cases 1 through 6). The decrease in 
mean arterial pressure was of similar magnitude 
varying from 10 to 37 per cent (mean 23.5 per 
cent, S.D. 7.0). In only one instance did the ar- 
terial pressure fall to normotensive levels. The 
total peripheral resistance did not change signifi- 
cantly varying between + 19 and — 22 per cent 
(mean — 1.3 per cent). 

In contrast, in four additional patients with 
congestive heart failure and one with malignant 
hypertension there was a significant increase in 
and a slight increase in 
The 
range for nine post-treatment determination was 
+ 3 to 100 per cent and the mean 38 per cent, 
S.D. 35.4 (Table I, Cases 7 through 11). In 
these instances the total peripheral resistance fell 


cardiac output in three 


two patients following hexamethonium. 


significantly the range being 27 to 70 per cent 
and the mean 47 per cent, S.D. 14.1. 


Other aspects of cardiac function 

The heart rate usually increased moderately after 
hexamethonium. There were insignificant changes 
in rate in three patients, slowing in one and rises in 
six cases; the average increase was 14 beats per 
minute (Table 1). 

Pressures on the right side of the circulation 
were measured in seven patients and decreased in 


all instances. In the group with compensated 


7 Model 140-C, Sanborn Company, Cambridge, Massa- 


chusetts 
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hearts the pulmonary arterial pressure decreased 
in patient W. C. from 26/14 to 14/8 mm. Hg. In 
patient B. J. the right ventricular pressure de- 
creased from 38/12 to 22/4 mm. Hg (Figure 1). 
In subject C. A., the mean right auricular pres- 
sure decreased from — 0.5 to — 2.5mm. Hg. In 
the decompensated patients the pulmonary ar- 
terial pressure decreased in patient T. P. from 
45/22 to 20/12 mm. Hg and in subject R. S. from 
70/40 to 40/15 mm. Hg. The right ventricular 
pressures fell in subject J. C. from 115/25 to 85/18 
mm. Hg and in subject A. C. from 130/20 to 80/8 
mm. Hg. The decline in right heart pressures 
paralleled the fall in systemic arterial pressure. 


II. Blood Flow Through Various Regions 
Blood flow through the muscles (calf blood flow) 


In a previous communication it was pointed out 
that a ten-fold increase in foot (primarily skin) 
blood flow occurred after hexamethonium (14). 
In the calf segment (primarily muscle) an in- 
creased blood flow as determined by the plethysmo- 
graphic method also was observed but to a much 
smaller degree than that observed in the foot 
(Table IT). 

Ten hypertensive patients were studied. Two 
patients in the malignant phase had previous ther- 
apy with hexamethonium while the remaining 
eight were patients with essential hypertension 
who had received no previous treatment with 
hexamethonium. In the latter eight cases all ex- 
hibited an increase of muscle blood flow varying 
from 11 to 61 per cent (mean 39.4 per cent) of 
the control values. The crude peripheral resist- 
ance decreased by 26 to 56 per cent (mean 40.4 
percent). The increase of blood flow began simul- 
taneously with the decrease of blood pressure and 
some increase persisted for at least an hour. 

The two patients who had malignant hyperten- 
sion and who had been under continuous dosages 
of hexamethonium immediately prior to testing 
showed a decrease of blood flow in one instance 
and no change in the other. It could not be deter- 
mined from this limited data whether these atypi- 
cal responses were associated with the development 
of tolerance to the vasodilating properties of the 
drug or represented a response peculiar to patients 
in the malignant phase of hypertension. 
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Fic. 1. 


AND RIGHT VENTRICULAR PresSuRES (BELOW) IN PatiIENT B. J 
MINUTES AFTER THE INTRAVENOUS ADMINISTRATION OF 30 MG. OF 


Cuttincs TAKEN FROM THE RECORDINGS OF SYSTEMIC ARTERIAL (ABOVE) 


BEFORE AND 19 
HEXAMETHONIUM 


The reduction of arterial pressure was accompanied by a considerable decrease of 


right ventricular pressure. 


Blood flow through the hepatic-portal circuit 


Determinations of estimated hepatic-portal blood 
flow were carried out in five hypertensive and two 
normal subjects. In all of the hypertensive pa- 
tients the mean arterial pressure decreased follow- 
ing hexamethonium, the range being 20 to 40 per 
cent and the mean 28 per cent (Table III). In 
four cases estimated hepatic blood flow decreased 
by 8 to 54 per cent (mean 25 per cent) while in 
The he- 


patic-portal vascular resistance fell in all except 


the remaining case it was unchanged. 


one of the hypertensive patients. 

One of the normal subjects exhibited insignifi- 
cant changes in estimated hepatic portal flow and 
peripheral vascular resistance while in the remain- 
ing subject hepatic blood flow decreased 19 per 
cent and peripheral resistance also was reduced 
slightly. Thus in four or five hypertensive and 
one of two normotensive subjects the estimated 
hepatic portal blood flow decreased moderately 
and in the remaining two cases did not change sig- 
nificantly. 


See text and Table | for further details 


Blood flow through the kidneys 


Two of the seven cases studied exhibited no sig- 
nificant change in renal blood flow (D. G. and 
H. B., Table IV). 


pressure also were insignificant in these two sub- 


However, changes in arterial 


jects despite relatively high doses of hexametho- 
nium. In the remaining five cases there was a re- 
duction of renal plasma flow which paralleled the 
fall in arterial pressure (Table IV and Figure 2). 
However, in four of these cases all of whom were 
hypertensives, the renal plasma flow returned to 
or above the control levels after periods varying 
from 15 to 50 minutes following the time of drug 
administration. In all four instances the plasma 
flow rose despite a continued significant reduction 
of arterial pressure. In the remaining case, a nor- 
mal subject, the plasma flow remained reduced up 
to 50 minutes after hexamethonium. Thus, the 
usual pattern of response to hypotensive doses of 
hexamethonium was an early decrease in renal 
plasma flow followed by a return to control values 
despite continued reduction of arterial pressure. 
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Cuart or Errective RENAL PLAsMA FLow, GLOMERULAR FILTRATION RATE, 
FILTRATION FRACTION, URINE VOLUME AND ARTERIAI 


PRESSURE BEFORE AND AFTER THE 


INTRAVENOUS ADMINISTRATION OF 40 MG. OF HEXAMETHONIUM ION IN Patient A. Z. 


In the early period there was a decrease in renal plasma flow, glomerular filtration 


rate and urine volume. 


However, 45 minutes after hexamethonium renal plasma flow 


had returned to and glomerular filtration rate approached control values despite con- 


tinued significant reduction in filtration fraction, urine volume and arterial pressure. 


Ill. Other Aspects of Renal Function 


rate was determined in 
six of the subjects listed in Table IV. In three 
hypertensive patients there was a reduction of 
glomerular filtration rate followed by a rise to- 
ward but not to the control values (A. Z., A. S., 
and M. Y., Table IV and Figure 2). 


pertensive and one normal subject there was a 


Glomerular filtration 


In one hy- 


continued fall in glomerular filtration rate through- 
The final normal 
subject who had exhibited no significant change 
blood 


showed no change in glomerular filtration rate. 


out the experimental period. 


in arterial pressure or renal flow also 
It was apparent, therefore, that the rate of glo- 
merular filtration decreased paralleling the blood 
pressure fall and complete compensation usually 
did not occur during the experimental period. The 


filtration fraction decreased in all of the hyperten- 


sive patients. In the two normal subjects there 
was no significant change in the patient who 
showed no reduction of arterial pressure and a 
slight rise in filtration fraction in the other. 

The volume of urine flow did not change in the 
two cases who exhibited insignificant reduction 
of arterial pressure (D. G. and H. B., Table IV). 
Four of the five remaining cases exhibited a reduc- 
tion of urine volume which persisted throughout 
the experimental period. The final patient (C. S.) 
exhibited a slight rise in urine volume. 


DISCUSSION 
Previous hemodynamic studies in this labora- 
tory demonstrated that hexamethonium produces 
a marked to complete abolition of such vasocon- 


‘ 


strictor reflexes as the vasopressor “overshoot” 


following the Valsalva maneuver, the cold pres- 
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sor response and the reflex vasoconstrictions to 
“noxious” stimuli as determined by digital plethys- 
mography (15). As would be expected following 
such inhibition of moderator reflexes by a gangli- 
onic blocking agent the pressor responses to epi- 
nephrine and norepinephrine were augmented con- 
siderably, after as compared to before, hexametho- 
nium (16). Ina constant temperature cold room 
the increase in foot blood flow was as great fol- 
lowing hexamethonium as after extradural or 
intrathecal anesthesia in normal subjects, suggest- 
ing nearly complete ganglionic blockade in man 
(14). In addition, probably by reason of the 
inhibition of vasoconstrictor reflexes, hexametho- 
nium was found to induce marked hypotension in 
normal or hypertensive subjects following minor 
degrees of blood loss such as that occasioned by 
the brief application of venous tourniquets to the 
extremities or by small venesections of 250 to 500 
ce. of blood (17). Thus, the previous studies dem- 
onstrated that hexamethonium in man interferes 
with transmission of sympathetic vasoconstrictor 
impulses more completely than any previously 
known agent. The present investigation has de- 
termined the effects of such widespread inhibition 
of sympathetic impulses on cardiovascular dy- 
namics. 

In the patients who did not exhibit congestive 
heart failure and whose cardiac outputs were in 
the normal range, the hypotensive response to 
hexamethonium was accompanied by a decreased 
cardiac output and little or no change in total 
peripheral resistance. These observations are 
in approximate agreement with those of Werko, 
Frisk, Wade, and Eliasch (18), but are opposed 
to those of Gilmore, Kopelman, McMichael, and 
Milne (19) who found essentially no change in 
cardiac output after hexamethonium. Thus, the 
reduction of arterial pressure in the present series 
seemed to be secondary to a diminished cardiac 
output rather than to arteriolar vasodilation. The 
decreased cardiac output in turn appeared to be 
due to a failure of venous return since the pres- 
sures on the right side of the circulation were re- 
duced uniformly. 

The failure of venous return probably was pro- 
duced by pooling of blood in the peripheral circu- 
lation. Such pooling could be due to (1) an in- 
crease in the total vascular capacity, and (2) the 
blockade of reflex vasoconstrictor responses (17). 
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By contrast in the patients with congestive heart 
failure or malignant hypertension the decreases 
in systemic and right heart pressures were ac- 
companied by an increased cardiac output and de- 


creased total peripheral resistance. ‘These di- 
vergent observations in the patients with heart 
failure as compared to compensated subjects may 
be explained, however, in the light of the following 
considerations: first, in the case of the heart fail- 
ure subjects the peripheral pooling of blood in- 
duced by hexamethonium would act like a vene- 
section reducing the loading pressure of the con- 
gested right side of the heart thereby facilitating 
its recovery. Second, it is evident that pa- 
tients with this type of heart failure are in a 
state of elevated vasoconstrictor tone since nor- 
mal or elevated levels of systemic arterial pressure 
are maintained despite a cardiac output which 
usually is reduced. Hexamethonium by its block- 
ing action on vasoconstrictor reflexes abolishes 
this increased tone thus permitting a decrease in 
total peripheral resistance and thereby also in the 
demand for cardiac work. These considerations 
and their implications in regard to the nature of 
congestive heart failure have been discussed more 
fully in another communication (20). 

Muscle blood flows increased only moderately, 
while renal and hepatic-portal blood flows. fell 
during the maximum action of the drug. Foot 
blood flow increased approximately ten fold (14) 
but since this vascular area is small in relation to 
the total vasculature the decrease in vascular re- 
sistance in the foot had little influence on the total 
peripheral resistance. These results suggest that 
there is an uneven distribution of sympathetic 
rasocontrictor nerves in different vascular areas. 
Only in a single region, the distal parts of the ex- 
tremities, was a marked increase in flow observed. 
In the other and larger vascular areas (muscles, 
hepatic-portal and renal vascular beds) moderate 
increases or actual decreases in flow occurred 
while the total peripheral resistance usually was 
only slightly reduced. These data do not sup- 
port the view that the sympathetic vasoconstric- 
tor system is of great importance in regulating 
arteriolar tone in the resting, supine subject ex- 
cept for its role in temperature regulation of the 
skin particularly of the distal parts of the extremi- 
ties. The results also emphasize the fallacies in- 
herent in drawing conclusions as to the overall 
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vasodilating effects of agents which increase skin 
temperature, color or blood flow. 

The hemodynamic effects of hexamethonium, 
however, are due to more than simple inhibition 
of sympathetic vasoconstrictor nerves since the 
drug interferes with transmission through all 
autonomic ganglia. Vasodilator nerves which 
synapse in the ganglia as well as vasoconstrictor 
impulses will be inhibited. For example, blockade 
of vasodilator impulses is seen in the cessation of 
Thus, the 
results observed after hexamethonium may be in 
reality the net effect of combined inhibition of 


autonomic and im- 


salivary flow following the drug (21). 


vasoconstrictor vasodilator 
pulses, 

The pattern of change in renal function was 
qualitatively similar to that observed after certain 
other hypotensive agents including veratrum viride 
(9), the dihydrogenated alkaloids of ergot (22) 
and sodium nitrite given as a single, oral dose (23). 
The renal vasculature did not share in the decrease 
in vascular resistance associated with the fall in 
arterial pressure. This is indicated by the fact 
that the renal plasma flow decreased sharply at 
the onset of the hypotensive response regardless 
of the drug used. However, as the arterial pres- 
sure stabilized at a lower level or began to rise 
the resistance of the renal vessels decreased to per- 
mit a return to normal rates of plasma flow. This 
effect, which was first observed by Smith and his 
co-workers folowing spinal anaesthesia, has been 
interpreted by him as indicating an autonomy of 
the renal arterioles (24). 

A recent study by Machinnon indicated that the 
closely related compound, pentamethonium pro- 
duced a decrease in renal blood flow in both nor- 
motensive and hypertensive subjects (25). How- 
ever, the design of his experiments was such that 
only the early hypotensive response to the drug 
was studied. 
to permit observation of the later return of renal 
Mills, Moyer, and 
Handley found no change in renal clearances fol- 


Thus, insufficient time was allowed 
plasma flow to control levels. 


lowing hexamethonium in normal subjects but 
observed some diminution in hypertensive patients 
(26). 

As a result of the percentally greater fall in 
glomerular filtration rate than in plasma flow there 
was a decrease in filtration fraction which in hy- 
pertensive subjects approached normal values. 
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The urine during this period became quite con- 
centrated suggesting that tubular function was 
not significantly impaired. This pattern of change 
has been observed with hypotensive agents of all 
.ypes tested in this laboratory (23) and therefore 
probably is secondary to the sudden alteration of 
arterial pressure rather than to any specific action 
of individual drugs on the kidney. 

From the point of view of effects on hemody- 
namics the response to hexamethonium does not 
appear to be entirely desirable. Thus, cardiac 
output may decrease, renal clearances especially 
glomerular filtration rate fall at least temporarily 
atud homeostatic, vasomotor reflexes are seriously 
compromised. However, despite these apparently 
undesirable and abnormal acute actions, the clini- 
cal response to hexamethonium frequently has 
appeared to be beneficial (5, 7, 8). These corre- 
lative clinical and experimental studies empha- 
size the fact that the results of hemodynamic analy- 
sis need not always indicate the desirability of a 
given agent in clinical practice where other fac- 
tors may determine the usefulness of the drug. 


SUMMARY AND CONCLUSIONS 


Hexamethonium administered to hypertensive 


and normal subjects produces the following hemo- 
dynamic effects : 


1. In hypertensive patients who do not have 
cardiac decompensation the reduction of systemic 
arterial pressure is accompanied by a decrease in 
right heart pressures and cardiac output. The total 
peripheral resistance does not change significantly. 
It is suggested that these alterations are the re- 
sult of a combination of “venous pooling” and fail- 
ure of reflex vasoconstriction, 

2. In patients with heart failure the fall in sys- 
temic arterial pressure appears to be accompanied 
by a reduction of right heart pressures, an in- 
crease in cardiac output and a significant decrease 
in total peripheral resistance. These alterations 
may be due to unloading of the congested right 
side of the heart as well as to inhibition of vasocon- 
strictor reflexes activated by the low output heart 
failure. 

3. In contrast to the marked increase in blood 
flow in the foot observed previously, blood flow 
through the muscles increases only moderately. 
Since the arterial pressure falls after hexametho- 
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nium a significant decrease in peripheral resistance 
is assumed to occur in this area. 

4. Despite a moderate reduction of hepatic vas- 
cular resistance estimated hepatic-portal blood flow 
usually decreases after hexamethonium. 

5. Renal plasma flow decreases paralleling the 
initial fall in arterial pressure and then rises to ap- 
proximate control levels despite a continued hypo- 
tensive response. This is consistent with previous 
observations indicating an autonomy of tone of the 
renal arterioles. 

6. In most cases the changes in glomerular fil- 
tration rate follow a pattern similar to the altera- 
tions in renal plasma flow, but occasionally filtra- 
tion may remain below control values. Oliguria 
with increased concentration of urine usually oc- 
curs. All of these renal effects begin to diminish 
after 30 to 60 minutes despite continued signifi- 
cant hypotension. 

7. The studies to date suggest that sympathetic 
vasoconstrictor nerves blocked by hexamethonium 
exert the controlling influence on homeostatic ad- 
justments to postural change as well as in main- 
taining the tone of the vessels of the distal part 
of the extremities. However, in resting supine 
subjects such nerves appear to exert a much less 


important influence on arteriolar tone in the he- 


patic-portal, renal and muscle areas. 
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Measurements of the extracellular fluid in ex- 
perimental animals and man, using inulin or thio- 
sulfate, often result in volumes of extracellular 
fluid that are smaller than are compatible with 
balance data or tissue analysis (1). The total 
volume of extracellular fluid, as measured by these 
substances, is also frequently smaller than the 
extracellular fluid as measured by the volume of 
distribution of chloride. 
these discrepancies, the distribution of a single 


In an attempt to explain 


injection of thiosulfate and inulin has been meas- 
ured simultaneously in the whole body and in cer- 
tain tissues of nephrectomized dogs, three and six 
hours following its administration. The resulting 
data have been interpreted in relation to the con- 
tent of chloride, connective tissue, and water in 
the tissues examined. It appears that inulin pene- 
trates connective tissue very slowly, as demon- 
strated by Kruhgffer (2), and that the entire ex- 
tracellular phase is not penetrated in the length 
of time during which inulin space measurements 
Thiosulfate 


found to be metabolized by muscle cells. However, 


are usually performed. has been 
when the volume of distribution of inulin is cor- 
rected for the amount of connective tissue unpene- 
trated by this substance at a given time, and com- 
pared with the volume of distribution of chloride, 
corrected for the higher concentration of chloride 
present in connective tissue water, the two volumes 
approach each other closely in isolated tissues, and 
yield identical values for the total extracellular 
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fluid of the body. These results are in accord with 
the theory of Manery, Danielson, and Hastings 
(3) that the extracellular compartment of the body 
is a connective tissue phase diluted with an ultra 
filtrate of plasma. 


EXPERIMENTAL PROCEDURE AND METHODS 


Eight adult mongrel dogs were nephrectomized under 
pentobarbital anaesthesia, which was maintained through 
out the six hours of the experiment. Following nephrec 
tomy, control specimens of blood, muscle, tendon, and 
skin were taken. These were obtained from the follow 
ing sites: Muscle from the belly of the quadriceps muscles 
or from the adductor muscle of the hind leg; tendon from 
the Achilles or patellar tendons; and skin from the ab 
dominal wall. Body weight was determined and 8 to 10 
Gm. of sodium thiosulfate in 50 to 60 ml. of distilled water 
was injected intravenously, followed by 4 to 5 Gm. of 
inulin in 40 to 50 ml. of distilled water. The exact amount 
of inulin, or thiosulfate, given was determined by specific 
gravity and direct analysis. Blood samples were taken 
hourly for six hours and biopsies of tissues were taken at 
The animals were sacrificed at the 
end of the experiment, and a final body weight obtained 


three and six hours. 


Each tissue specimen was divided into three parts and 
each part was promptly placed in a tared weighing bottle, 
stoppered, and weighed 

One portion was dried to constant weight at 100 to 105° 
C., ground to a powder, and extracted at least three times 
with a mixture of equal parts of petroleum and ethyl! ether 
to remove the neutral fat. The dry fat-free residue was 
then extracted with 0.75 N HNO,, centrifuged, and ali- 
quots of the supernatant used for the determination of 
sodium, potassium, and chloride (4). Sodium and _ po- 
tassium analyses were carried out on a flame photometer, 
using lithium as an internal standard (5). Chloride was 
measured by a micro-modification of the method of Wilson 
and Ball (6). 

The second portion of the specimen was finely minced 
and transferred quantitatively to a tared 50 ml 
fuge tube. Thirty to forty ml. of distilled water was 
added and the tubes reweighed to determine the exact vol- 
ume of water added. 


All determinations were done in duplicate. 


centri- 


The tubes were then stoppered, agi- 
tated, and allowed to equilibrate for 18 hours in a refrigera- 
tor. Control which known 
amounts of thiosulfate were added to tissue homogenates, 
showed 95 to 100 per cent recovery of thiosulfate after 


experiments, in vitro, in 
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18 hours incubation in the cold (7). No precautions 
were taken, either in the control experiments or in the 
experimental tissues, to prevent contamination with sul- 
fur metabolizing bacteria. Following 18. hours incuba- 
tion, the tubes were centrifuged, the supernatant removed, 
and duplicate aliquots analyzed for thiosulfate by a modi- 
fication of the micro method of Newman, Gilman, and 
Philips (8). 

The tissue remaining in the centrifuge tubes was ana- 
lyzed for collagen and elastin by a modification of the 
method of Lowry, Gilligan, and Katersky (9) 

The third portion of the specimen was used for the 
determination of inulin by the method of hot alkali diges- 
tion described by Ross and Mokotoff (10). This method 
adequately reduces the high inulinoid blank of tissues but 
necessitates the use of a form of stable in hot 
alkali. Such a form of inulin was prepared and used in 
these studies (11). While 
not essential, it insures against the possibility of unequal 
rates of diffusion of the various forms of inulin 

Blood samples were centrifuged and the plasma sepa 


inulin 


such a procedure is perhaps 


rated immediately. Plasma water was measured by de- 
termining the wet and dry weights of volumes of plasma 
delivered from a calibrated micropyknometer. Plasma 
sodium and potassium were measured by internal stand- 
ard flame photometry (5). Plasma chlorides were de- 
termined by the micro method of Van Slyke and Hiller 
(12) 
sampling, using the micro method of Newman, Gilman, 
and Philips (8) 


method of Roe, Epstein, and Goldstein (13). 


Thiosulfate was measured within four hours of 
Plasma inulin was determined by the 
Ail plasma 
determinations were carried out in duplicate. 


DEFINITIONS 


The terms “inulin “thiosulfate space,” and 


“chloride space” are often used to denote the same vol- 


” 
space, 


ume of body water, which is then called the “extracellular 
water,” regardless of the method used for its measurement. 
It will become apparent in this paper that the volumes 
of distribution of inulin, thiosulfate, and chloride may 
differ considerably from each other, and that, at best, they 
are only close approximations of a true, physiological, ex- 
tracellular space—a space that represents the entire volume 
of body fluid that lies without the cells including cerebro- 
spinal fluid water, the water in the lumen of the gastro 
intestinal tract, and the exocrine secretions. The following 
definitions are presented in order to clarify the terms used 
in this discussion and are illustrated in Figures 1, 4, and 
5. Although the water 
defined here may not adhere to anatomical boundaries 


subdivisions of extracellular 
they appear to be distinct in terms of function. 
Chloride space: That volume of water which contains 
all the chloride of a tissue or body at the concentration 
of a plasma ultrafiltrate. 
Connective tissue corrected chloride space: The chloride 


space, corrected for the slightly higher chloride concen- 
tration that is present in the connective tissue water as 


compared to a plasma ultrafiltrate. 
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Inulin (or thiosulfate) space: That volume of water 
which contains all the inulin (or thiosulfate) in a tissue 
or body at a concentration equal to that in the plasma 
water. 

Connective tissue corrected thiosulfate) 
space: That volume of water of a tissue or body which 
is defined by the inulin (or thiosulfate) space, plus the 
volume of the connective tissue water which has not been 
penetrated by inulin (or thiosulfate)—as defined by ten- 
don water penetration at the corresponding time. 

Extracellular water: The sum of the following com 
ponents : 


inulin (or 


a. Plasma Water. 

b. Rapidly Equilibrating Water: The volume of water 
within a tissue or body which is extracellular, extravas- 
cular, not associated with collagen or elastin, and is as- 
sumed to equilibrate rapidly with the plasma concentra- 
tion of substances like inulin.® 

c. Connective Water: That volume 
within a tissue or whole body which is associated with 
the collagen and elastin of the tissue and with which 
substances like inulin equilibrate slowly. 


Tissue of water 


CALCULATION 


All calculations are based on the individual values for 
each dog; the averages of these results are summarized 
in Table I, expressed as units per kilogram of fat-free 
tissue or water of the fat-free tissue. For the construc- 
tion of the diagrams, the values were expressed in terms 
of a kilogram of water of fat-free tissue. 

Electrolyte concentrations in the plasma ultrafiltrates 
were calculated by correcting their concentration in the 
plasma water by a Donnan factor of 0.96. 

Chloride spaces were calculated by dividing the quan- 
tity of chloride in the tissue by the plasma ultrafiltrate 
concentration. Inulin or thiosulfate spaces were calcu- 
lated by dividing the amount in the tissue water by the 
concentration in the plasma water. 

The connective tissue water was calculated from the 
quantities of collagen and elastin in the samples, using 
the assumption that all body connective tissue contains 
the same concentration of water and electrolyte as is as- 
sociated with tendon (90 per cent collagen). Similarly, 
ligamentum nuchae (81 per cent elastin) was used to cal- 
culate the water associated with elastin in other tissues. 
The degree to which the connective tissue phase of a tis- 
sue equilibrated with inulin or thiosulfate at any time was 
considered equal to the equilibration in tendon at that time. 

The connective tissue corrected spaces were calculated 
as follows: 


For chloride: The water associated with connective tis- 
sue was calculated and the amount of chloride present in 


this water (at a concentration equal to that in tendon) 


5 In measurements involving the whole body, the rapidly 
equilibrating water includes to some extent such water 
as is present in the gastrointestinal tract, in the cerebro- 
spinal fluid, and in the lumina of exocrine glands. 
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was subtracted from the total amount of chloride present 


in the tissue. The remainder of the chloride was divided 
by the concentration of chloride in an ultrafiltrate of 
plasma to give the combined volume of plasma water and 
rapidly equilibrating water. The sum of the plasma water, 
rapidly equilibrating water, and connective tissue water 
constitute the connective-tissue-corrected chloride space. 
For inulin or thiosulfate: That fraction of the connec- 
tive tissue water which was unpenetrated by inulin or 
thiosulfate (as defined by the penetration of tendon wa- 
ter at the identical time) was added to the measured inu- 


lin or thiosulfate to give the connective-tissue-cor- 


rected inulin or thiosulfate 


space 
space 

The volumes of distribution for inulin and thiosulfate 
in the whole ody were calculated by dividing the total 
amount of the substance given, by the plasma water con- 
centration at each hour. This calculated space in liters 


of water was expressed as per cent of body weight at 
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three and six hours. The zero hour plasma levels 
were obtained by extrapolation from the plasma concen- 
first and third 


zero, 


tration curves—for thiosulfate between the 


hours, for inulin between the third and fifth hours 


RESULTS 

The averages of the analyses on the animals are 
presented in Table I, in terms of concentration/Kg. 
both of fat-free tissue and of water of fat-free tis- 
sue. 

Figure 2 compares the size of the chloride space 
in muscle, tendon and skin water: The values used 
in the figure were calculated from the average of 
the three- and six-hour specimens of tissue, In 
the tendon it will be noted that the chloride space 


is represented as occupying more than a kilogram 


TABLE I 


Average tissue and serum values of eight visainainaanebesne dogs 


Values/Kg. fat-free tissue 


Tissue 


Na | K | Cl | HO tot Thio dry 


mq. mEq. mEq. 3 Gm. Gm. Gm. 
Control 
Muse le 29.3 


3 Bate 
Muscle 

6 Hourt 
Musc le 

( aateal 
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Tendon ; 96.2] 14. 662 
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Skin 
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20.3 
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956 
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145.3 130.6 977 
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THE ANATOMY OF THE CHLORIDE SPACE 
EXTRACELLULAR WATER IN 1 KILO. 
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trate. This has been reported previously by 
Fic. 1 Manery, Danielson and Hastings (3). 

of tendon water (112 per cent). This occurs be- Figure 3 illustrates the percentage penetration 
cause the concentration of chloride in tendon water of the chloride space of the three tissues by thiosul- 
was found to be greater than in a plasma ultrafil- fate and inulin at three and six hours, 
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Three points are apparent from Figure 3: First, | KG. MUSCLE WATER 


in the time covered by these experiments neither — 976. 4,0 


thiosulfate nor inulin spaces in tissues reached 
the size of the chloride space. Second, thiosulfate 
appeared to penetrate tissues more rapidly than 
inulin. At both three and six hours, the thiosulfate 
space was larger than the inulin space. Third, in 
all of the tissues examined, the inulin space in- 
creased with time, whereas the thiosulfate space, 
although increasing in tendon, decreased in muscle 
and skin. This suggests that thiosulfate was 
broken down more rapidly in these tissues than in 
tendon, and that the rate of breakdown was suffi- 
ciently great to prevent the establishment of dif- 
fusion equilibrium between plasmia water and the 
water of muscle and skin. /n vitro experiments 
with muscle and tendon confirmed the fact that 
thiosulfate is destroyed by tissues rich in cells (7). 

Figures 4 and 5 represent a kilogram of muscle 
and skin water at six hours and compare the re- 
sults of various methods of measuring the extra- 
cellular phase water. ‘These figures were con- 
structed by first plotting the measured inulin space. 
The connective tissue water was superimposed in 
such a way that the portion penetrated by inulin 
(as calculated by the penetration of tendon at six 
hours) lay within the inulin space. The unpene- 
trated connective tissue water was placed above 
the inulin space. The water of the inulin space 
which was not connective tissue water was labelled 
“rapidly equilibrating water” and was assumed to 
be a plasma ultrafiltrate. Thus the rapidly equili- 
brating water plus the connective tissue water and 
the plasma water define an extracellular phase 
which has been termed the “Connective-Tissue- 
Corrected Inulin Space.” In each case it will be 
noted that this estimate of extracellular water is 
smaller than the conventionally used chloride 
space. However, when the chloride space is cor- 
rected for the higher concentration of chloride 
which exists in collagen water as compared with 
plasma ultrafiltrate (7.e., the Connective-Tissue- 
Corrected Chloride Space), the space defined by 
chloride becomes smaller and more nearly ap- 
proaches the Connective-Tissue-Corrected Inulin 
Space. 

Figure 6 shows the average whole body thio- 
sulfate and inulin spaces at zero, three and six 
hours expressed as per cent of total body weight. 
At zero time the inulin space is 17 per cent and 
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— COMPARISON OF 
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the thiosulfate space 21.5 per cent; both increase 
with time. These values agree well with the re- 
sults of other workers (14, 15, 16). 


in the inulin space in six hours is small—amount- 


The increase 


ing to 2 per cent of the body weight; on the other 


hand, the increase in thiosulfate space in the same 
period of time amounts to 16 per cent of body 
weight. 

DISCUSSION 


In the development of the data presented in this 
communication, a number of assumptions have 
been made, the validity of which may be open to 
question. The analysis of tendon has been as- 
sumed to be representative of all connective tis- 
sue in the body—the higher water content of tis- 
sues such as skin being assumed to represent larger 
amounts of rapidly equilibrating water rather than 
a different form of collagenous tissue with a higher 
water content. 
of Manery, Danielson and Hastings in which the 
water and electrolyte content of fat-free tendon 
was found to be identical with that of perirenal 
It has also 


In support of this view is the work 


areolar tissue after fat removal (3). 
been assumed that the penetration of tendon wa- 
ter by inulin or thiosulfate should reflect the pene- 


tration of all body connective tissue by these sub- 
stances. Although identity in chemical composi- 
tion does not necessarily impose identity in the 
rate of penetration by a foreign substance, the data 
reported here are in accord with this assumption. 

The plasma disappearance curves of injected 
foreign substances such as inulin and thiosulfate 
are determined by several factors—urinary ex- 
cretion, mixing through the plasma, diffusion into 
various components of the extracellular compart- 
ment, diffusion into body cavities and hollow vis- 
cera, and metabolic breakdown. At least two rates 
of disappearance are apparent from the work of 
Cotlove with inulin (17). 

There is first a rapid rate with a half time of 
less than 30 minutes which probably represents 
mixing in the plasma and equilibration with a 
volume of water outside the vascular bed which 
reaches rapid equilibrium with plasma. The vol- 
ume defined by this first rapid component probably 
represents the plasma and rapidly equilibrating 
water as defined above. The second component 
of the disappearance curve is very much slower, 
with a half time of about 10 hours. This part of 
the curve is usually assumed to represent equi- 
librium between plasma and extracellular fluid. 
The very slow decline of concentration that oc- 
curs in this later period is generally assigned to 
metabolic breakdown, pathologic shifts of water, 
or intracellular penetration of the substance be- 
ing studied (14), but, as will be discussed, it prob- 
ably represents equilibration between connective 
tissue water and the rest of the extracellular wa- 
ter. The zero hour value is extrapolated from 
this second component of the curve. In reality, 
this extrapolated value defines only the plasma 
and rapidly equilibrating water at a time when 
no connective tissue water has been penetrated. 

Figure 7 shows that the slow disappearance rate 
of inulin can be entirely accounted for on the 
basis of diffusion into connective tissue water dur- 
ing the six hours of these experiments. This fig- 
ure demonstrates the relationship between the in- 
crease with time in the inulin space of the total 
body and the increasing penetration of connective 
The diagram is composed of four 
The right-hand column of each 


tissue water. 
pairs of columns. 
pair represents the measured inulin space of a 
kilogram of whole body. The left-hand column 
is the connective-tissue-corrected inulin space of 
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whole body, which is seen to be composed of 
plasma water, rapidly equilibrating water and con- 
nective tissue water. At zero hours it is assumed 
that inulin has not penetrated any of the con- 
nective tissue water, and therefore defines only 
the plasma and rapidly equilibrating water (170 
ml. per Kg. of whole body). 
sue water (77 ml. per Kg.) was calculated from 
Lightfoot and Coolidge’s measurements of total 
body collagen (18) and our data on tendon water. 
The sum of plasma water, rapidly equilibrating 
water, and connective tissue water (or the con- 
nective-tissue-corrected inulin space) is 247 ml. 
per Kg. of body, and is represented by the dotted 
This figure is seen to be almost identical 


The connective tis- 


line. 
with figures given by other workers for the whole 
body chloride space (19, 20), which is represented 
by a dashed line. 

At three hours the measured whole body inulin 
space is 184 ml. per Kg. of body—an increase of 
14 ml. per Kg. If this increase is exclusively due 
to penetration of the connective tissue water, it 
should be equal to the product of the per cent 
penetration of tendon water (17.5 per cent) and 
the calculated amount of total body collagen water 
(77 ml. per Kg.). When this is calculated, a fig- 
ure of 13.5 ml. is obtained, This, added to the 
rapidly equilibrating water plus plasma water, 
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This 


gives a calculated inulin space of 183.5 ml. 
figure, indicated by the arrow, is almost identical 


with the measured value at this time (184 ml). In 
the diagram the fraction of connective tissue wa- 
ter penetrated by inulin is indicated by the cross- 
hatched area. 

At six hours, when the measured inulin space 
is 191 ml., the tendon penetration is 27 per cent or 
21 ml. of connective tissue water; the calculated 
inulin space (indicated by the arrow) is 191 ml.— 
identical with the measured one. 

The last set of columns represents the situation 
at an hypothetical time (X), in excess of 24 hours, 
when all of the connective tissue water has been 
penetrated (assuming no inulin to have been de- 
stroyed by metabolic processes). The measured 
inulin space would therefore be equal to the con- 
nective-tissue-corrected inulin space (there being 
no unpenetrated connective tissue water at this 
time). 

The studies reported here were not of sufficient 
duration to provide data concerning the relative 
sizes of the inulin and chloride spaces at 24 hours 
or later. Cotlove has shown that, in rats receiv- 
ing a constant infusion of inulin, the inulin space 
in muscle continues to approach the chloride space, 
representing 95 per cent of it at 24 hours (17). 
This agrees well with the hypothesis that the in- 
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crease in the inulin space with time is due to in- 
creased penetration of connective tissue. How- 
ever, Finkenstaedt, O’Meara, and Merrill (21), 
studying the volume distribution of a single in- 
jection of inulin in anuric animals and human sub- 
jects over a period of 24 to 96 hours, showed that 
the inulin space increased progressively and in 
some cases reached a volume distribution equal to 
that of total body water. Other investigators were 
unable to recover more than 50 per cent of adminis- 
tered inulin in oliguric and edematous patients 

22). These data suggest that inulin is metabo- 
lized in the body. In view of Cotlove’s data, the 
rate of metabolism must be very slow, and during 
the six hours of the experiments described herein 
must have been negligible. However, it is un- 
likely that complete penetration of tendon water, 
as shown in Figure 7, ever occurs, since, by the 
time this state is reached, significant amounts of 
the injected inulin have probably been metabolized. 

The increase in the thiosulfate space cannot be 
accounted for by increased penetration of connec- 
It will be seen from Figure 7 
that at zero hours the thiosulfate space is 21.5 per 


tive tissue alone. 
cent of the total body weight. By three hours the 
space is 27.8 per cent or 278 mil. per Kg. and ex- 
ceeds the extracellular space as measured by either 
chloride or the connective-tissue-corrected inulin 
space. By six hours the space is 37.6 per cent. 
Since tendon is incompletely penetrated by thio- 
sulfate at both three and six hours, correction for 
the unpenetrated water would further increase the 
space, which is already larger than is compatible 
with any known data. Moreover, in muscle and 
skin the six-hour space is actually smaller than it 
is at three hours, and at no time does the thiosul- 
fate space equal the chloride space in any tissue, in 
spite of the fact that in whole body the thiosulfate 
space is larger than the chloride space at three 
hours and increases still further at six hours. 
Therefore, the increase in the thiosulfate space with 
time in the whole body must in part be due to in- 
creasing penetration of connective tissue and in 
part to destruction of thiosulfate (16, 23). 
Despite small differences in electrolyte pattern, 
connective tissue water is similar to a plasma ultra- 
filtrate and distinctly different in chemical com- 
position from intracellular water as exemplified 
by the analysis of highly cellular tissues such as 


muscle. Since, morphologically, connective tissue 
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is largely made up of collagen and elastin fibers and 
very few cells, it seems more logical, as suggested 
by Manery, Danie!son, and Hastings (3), to con- 
sider such tissues as part of the extracellular, phase 
of the body than to arbitrarily assign them to the 
cellular compartment. [Experimental alterations 
of plasma electrolyte concentrations appear to be 
accompanied by similar changes in the electrolyte 
concentrations in connective tissue water (24-26). 
One interpretation of these data is that the ions 
of connective tissue are in diffusion equilibrium 
with plasma, unlike the relationship which exists 
fluid. 
However, more complete and conclusive data must 


between muscle cells and extracellular 
be obtained before this equilibrium becomes ac- 
curately defined. The relationship between the 
total extracellular fluid as defined here and the 
rapidly equilibrating, physiologically active water 
may vary with time, with changes in acid-base bal- 
ance, endocrine status, and with the state of hy- 
dration of the individual. 

From the foregoing data, it would appear that 
a definite division of tissue water into extra- and 
intracellular phases cannot be made on the basis 
of an inulin, thiosulfate or chloride determination 
In the nonedematous animal, the discrep- 


ancy between the extracellular phase and the space 


alone. 


defined by a large molecule such as inulin appears 
to be due to the relatively slow penetration of con- 
nective tissue by this material; in the case of thio- 
sulfate it is in part due to this slow penetration 
and in part due to the breakdown in tissues. 

Although the incomplete penetration of con- 
nective tissue by inulin and thiosulfate makes only 
a small difference in the analysis of selected mus- 
cle samples (Figure 4), when applied to tissues 
such as skin or to the whole body the error becomes 
considerable (see Figures 5 and 7). 

The discrepancy between the chloride and inulin 
spaces in tissue samples can be largely eliminated 
when both are corrected for the connective tissues 
content of the sample, If it is assumed that the 
connective-tissue-corrected inulin space is the true 
measure of the extracellular space, the remaining 
difference, which amounts to 1 to 3 per cent of 
the tissue, may represent either intracellular chlo- 


ride at a concentration of less than five mEq. per L. 


of intracellular fluid, red cell chloride, or analytic 


error. Thus, either the connective-tissue-corrected 





MEASUREMENT OF EXTRACELLULAR PHASE OF TISSUES 


inulin space or the connective-tissue-corrected chlo- 
ride space represents the best available estimate 
of extracellular water in individual tissues. 

Both of these measurements require a knowledge 
of the connective tissue content of the material 
under study. In the case of tissue biopsies this is 
easily obtained; but in the whole body it is ob- 
viously impossible, although estimates are avail- 
able from the carcass analysis of normal animals. 
While such estimates may be suitable for normals, 
they may be grossly in error in certain pathologic 
states. However, since the correction of the 
chloride space for the connective tissue in the whole 
body and for the chloride known to be present in 
red cells, gastric mucosa, testis, and exocrine se- 
cretions is much smaller than that required for 
the inulin space and further does not vary with 
time, the chloride space appears to be the most 
useful measure of the extracellular space of the 
whole body. 


SUMMARY AND CONCLUSIONS 


1. The distribution of inulin and thiosulfate has 
been studied simultaneously in the tissues and 
whole bodies of eight nephrectomized dogs and 
correlated with the chloride and connective tissue 
content of tissues. 

2. In all tissues studied the chloride space ex- 
ceeded the inulin and thiosulfate spaces throughout 
the period of study (six hours). 


3. When the chloride and inulin spaces of tis- 


sues were corrected for the connective tissue con- 
tent of the samples, these spaces were in close 
agreement. 

4. In the whole body both inulin and thiosulfate 
spaces increased with time. The increase in the 
inulin space could be accounted for by the increas- 
ing penetration of connective tissue; the increase 
in the thiosulfate space was far greater than could 
be accounted for by the penetration of connective 
tissue, and must have been due to the destruction 
of this substance by cellular tissues. 

5. Evidence is presented to indicate that the ex- 
one, the 
total phase, measured by chloride, and a second, 


tracellular fluid consists of two phases: 


smaller, and probably physiologically more active 
one, measured by the volume distribution of large 
molecules such as inulin. 
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Most observers have found that when circu- 
lating red cell volume is deduced from measure- 
ment of plasma volume and venous hematocrit a 
higher value is obtained than when the red cell 
volume is measured directly. It is widely believed 
that this is because the proportion of red cells in 
the blond in large vessels is higher than that in the 
body as a whole and various correction factors 
have been proposed. Some confusion arises be- 
cause the venous hematocrit must be corrected on 
two accounts: firstly because, under standard con 
ditions of centrifugation, some plasma is trapped 
in the red cell column of the hematocrit and thus 
the uncorrected reading over-estimates the pro 
portion of red cells in the sample; when this cor- 
rection has been applied one may speak of the 
“true” venous hematocrit. Secondly, this cor- 
rected venous hematocrit value still over-estimates 
the proportion of red cells in the circulating blood 
as a whole and must be multiplied by a factor of 
approximately 0.9 to give an estimate of “body 
hematocrit.” Although these concepts are ac- 


cepted by the majority of investigators, the precise 


body hematocrit 


value of the ratio - ~ - is in doubt; 
venous hematocrit 


moreover it has been suggested that the ratio may 
be inconstant so that it cannot safely be used to 
deduce blood volume from an estimate of either red 
cell volume or plasma volume. Accordingly, it 
is generally held that the only reliable estimates of 
total blood volume are those based on separate 
measurements of both red cell volume and plasma 
volume. 

If, in fact, the body/venous hematocrit ratio ap- 
peared to be inconstant, the inconstancy could 
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arise either from a true physiological variation be- 
tween different subjects, or from the effect of 
abnormal states of the circulation, or it might de- 
pend solely on some systematic errcr in the meas- 
urement of either red cell volume or plasma vol- 
ume. If the observed difference between the body 
hematocrit and the venous hematocrit is due to 
the fact that blood in the small capillary vessels 
has a very much lower hematocrit than blood in 
large vessels, it is possible to conceive of only a 
very few conditions (see Discussion) in which a 
variation in the body/venous hematocrit ratio 
could be expected to occur. If on the other hand 
the observed discrepancy between body hemato 
crit and venous hematocrit depends upon a sys 
tematic error in measuring, for example, plasma 
volume, it can be calculated that the discrepancy 
should vary with the level of venous hematocrit. 
In fact very few observers have estimated the 
body/venous hematocrit ratio over a_ sufficiently 
Mollison, Veall, and Cut- 
bush (1) reported measurements in newborn in- 


wide range to test this. 


fants covering the observed venous hematocrit 
range 19 to 70 per cent; they found the ratio to 
be constant over this range although the absolute 
value was a little lower than that previously de 
adults. Similar studies in 


scribed for normal 


adults, over the hematocrit range 25 to 72 per cent 
have been reported (2-4); however, very few 
anemic subjects were included and no conclusions 
can be drawn as to the effect of anemia or poly- 
cythemia upon the constancy of the ratio. 

The present paper reports twenty-eight simul 
taneous plasma volume and red cell volume meas- 
urements on adult subjects with hematocrits rang 
The ratio of the body 
hematocrit to the venous hematocrit was found to 
The 


includes a discussion of various factors which de 


ing from 9 to 82 per cent. 
be constant throughout this range. 


paper 


termine the value assigned to the ratio. 
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METHODS 
Subjects 


Twenty-eight measurements were made on a group of 
nineteen subjects; two were normal volunteers, seventeen 
were patients (Table 1). Not more than two measure- 
ments were made on the same subject; generally the sec- 
ond measurement was made after some major change in 
hematocrit had occurred—for example, in a patient with 
polycythemia vera, before and after radiation therapy. 


Plasma volume 


Plasma volume was measured using the dye T-1824 
(Evans Blue). All subjects had fasted for 12 hours 
and had been recumbent for at least 30 minutes before 
the procedure. Twenty ml. of a 0.075 per cent solution 
of dye (Imperial Chemical Industries Batch PD/RS. 337/ 
44) was injected intravenously from a calibrated syringe 
and this was followed by an injection of P® labelled red 
cells (see below) 
blood was withdrawn and three further 15 ml 


Immediately before injection, 15 ml. of 
samples 
were withdrawn at 15-minute intervals after injection 
(1.¢., at 15, 30, and 45 minutes). The blood was in each 
case taken into a syringe containing a few drops of liquid 
heparin and mixed in the syringe; 5 ml. was put into a 
tube for measurement of radio-activity (see below) and 
the remaining 10 ml. was delivered gently, without bub- 
bling, into a dry test tube. A sample was removed im- 
mediately for determination of packed cell volume (ob- 
served venous hematocrit). Any blood remaining on the 
walis of the test tube was removed on a cotton swab, 
slightly moistened with saline solution. The tube was 
then tightly capped and centrifuged at 3000 r.p.m. for ap 
proximately 40 minutes. After centrifugation the plasma 
was transferred to another dry test tube and kept at room 
temperature for not more than 3 to 4 hours before being 
used for colorimetric analysis. 

Approximately 0.02 ml. of the injection solution was 
diluted in 3 ml. of pre-injection plasma, delivered from 
a calibrated 3 ml. pipette. The volume of injection solu 
tion was chosen to give a concentration of the dye in 
plasma essentially the same as that found in the initial post 
injection blood sample. The small volume of injection 
solution was delivered from an “Agla” micrometer-syringe, 
with which very satisfactory precision can be attained 
(5). 

All samples were read in a photo-electric colorimeter 
using a deep red filter (combination of Ilford 803 and 
205; [1]). 

When the dye concentrations were plotted against time 
it was evident that there was some variability in the dye 
disappearance curves in different cases; furthermore, it 
was often difficult to decide the best possible straight line 
to be drawn through the three points. It was considered 
that these variations and difficulties were largely the re 
sults of technical error and did not necessarily represent 
true variations in the individual subjects. Accordingly, 
the dye disappearance rates in all twenty-eight determina- 
tions were combined and a mean loss rate of 10 per cent 
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per hour was found. In determining the dye concentra- 
tion at zero time in each subject, the values for the 15, 
30 and 45-minute blood samples (mean—30 minutes) were 
averaged and corrected for a 5 per cent loss of dye. 
Plasma volume was then calculated in the usual way by 
comparing the dye concentration at zero time with the 
dye concentration of the standard. 


Red cell volume 


Red cell volume was measured using a modification (6) 
of the radio-active phosphorus method described by Reeve 
and Veal! (7). With the modified method, in a series of 
duplicate determinations on ten normal males, the stand- 
ard error of the difference between duplicate measure- 
ments was found to be 58 ml. (a coefficient of variation of 
2.7 per cent) (6). In preparing the radio-actively tagged 
cells for injection, the cells were washed in a mixture 
of 3 per cent of plasma in ice-cold saline (6) ; the “extra- 
cellular” radio-activity of the injection suspension was 
measured and was in all cases less than 1 per cent of the 
total activity of the suspension. 

The washed P”-tagged red cells were injected about 
30 seconds after completion of the injection of Evans Blue 
dye. Five ml. aliquots from the 15, 30, and 45-minute 
blood samples were used for the analyses of radio-activity. 


The body hematocrit 
The body hematocrit was calculated from: 


Red Cell Volume 
Red Cell Volume plus Plasma Volume 





The venous hematocrit 


The packed cell volume was determined using Win- 
trobe hematocrit tubes and a centrifuge having a radius 
of 15 cm. from the spindle centre to the bottom of the 
hematocrit tube. The tubes were spun for 30 or 55 min- 
utes at 3000 r.p.m.; the longer time was used in the later 
cases after it had been shown that more consistent re- 
sults could thus be obtained (8). The observed packed 
cell volume (excluding the buffy coat) was corrected for 
plasma trapped in the red cell column, using the calibra 
tion curve appropriate to 30 minutes or 55 minutes centri- 
fugation (8). The corrected values are described as the 
“true” venous hematocrit. 

Packed cell volumes were determined on the pre-in- 
jection sample and on the three post-injection samples. 
In calculating the body/venous hematocrit ratio, the true 
venous hematocrit was taken as the mean of the true 
packed cell volumes on al! four blood samples. 


RESULTS 
The results of a comparison of the body hemato- 
crit with the true venous hematocrit (1.¢., ob- 
served venous hematocrit corrected for trapped 


plasma) are shown in Table I, with various other 


data. The mean value for the body/venous he- 
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VENOUS HEMATOCRIT (CORRECTED) 


Fic. 1. 


Estimates or Bopy Hematocrit, BASED ON TWENTY-EIGHT SIMUL- 


TANEOUS MEASUREMENTS OF Rep CELL VOLUME AND PLASMA VoLUME, PLOTTED 
AGAINST OBSERVED VENOUS HEMATOCRIT, CORRECTED FOR TRAPPED PLASMA 

The line is drawn from the regression equation: BH = 0.9073 VH + 0.04, cal- 
culated by the method of least squares from the points relating body hematocrit 


(BH) to venous hematocrit (VH). 


matocrit ratio obtained from these data is 0.910 
(0.9098), with a standard deviation of 0.026. 

Measurements covered the observed hematocrit 
range 9 to 82 per cent and in Figure 1 the body 
hematocrit is plotted against the true venous he- 
matocrit. The relationship of the body hematocrit 
to the venous hematocrit over this range appears 
to be constant, the calculated regression line pas- 
sing almost exactly through the origin. 


DISCUSSION 


There are still some workers (9) who believe 
that the discrepancy between the body hematocrit 
and venous hematocrit may depend upon a sys- 
tematic error in the measurement of plasma vol- 
ume. However it is unnecessary to postulate such 
an error for it seems likely, on theoretical grounds 
alone, that a discrepancy exists. For example it 
has been shown that blood streaming through fine 


tubes has a lower hematocrit than blood in large 
tubes (10). 


very likely to lead to a discrepancy between the ve- 


In the body this phenomenon seems 


nous hematocrit and the whole body hematocrit. 
The observation in the present paper that the 
body/venous hematocrit ratio is independent of the 
level of the venous heinatocrit strongly suggests 
that there is no systematic over-estimate of plasma 
volume; for if there were, relatively high ratios 
would be obtained in polycythemic subjects and 
lower ratios in anemic subjects, 

One piece of evidence which is valuable because 
it does not depend on plasma volume estimation 
is that from replacement transfusions. Veall and 
Mollison (11) found that the removal of red cells 
was more efficient than would have been expected 
if the venous hematocrit were representative of the 
distribution of red cells and plasma in the blood as 
a whole; the discrepancy could best be explained 


by supposing that the blood in the body as a whole 
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had a hematocrit value about 0.9 times that of ve- 
nous blood. 

Although most authors accept the concept of a 
body/venous hematocrit ratio, there remains some 
disagreement as to the value which should be as- 
signed to the ratio (see Table II). The differ- 
ences shown in Table II are not in fact significant 
(at the level p= 0.05). Nevertheless, different 
workers are bound to assign slightly different val- 
ues to the ratio due to lack of uniformity in the 
interpretation of data; this may be illustrated by 
the following two examples. 

Estimation of the true venous hematocrit. Sev- 
eral factors will affect the value chosen for the true 
venous hematocrit. Firstly, it is the practice of 
some authors to include the white cell layer in 
their reading of the observed packed cell volume ; 
this of course results in the reporting of lower val- 
ues for the body/venous hematocrit ratio than 
when the buffy coat is excluded. Secondly, al- 
though most authors agree that the observed 
packed cell volume must be corrected for trapped 
plasma, there is considerable variation in the cor- 
rection factor which is applied (13, 14). The 
higher the correction factor used for the plasma 
trapped in the packed cell column, the higher will 
be the value obtained for the body/venous hemato- 
crit ratio. A third factor of importance will be 
the choice of blood samples used for determining 
the venous hematocrit. In the present investiga- 
tion, it was decided to use the mean packed cell 
volume of all four blood samples. However, as 
Reeve (15) has pointed out, when multiple small 
blood samples are withdrawn from a subject, there 
is sometimes a slight progressive fall in the packed 
cell volume of successive samples. A slight pro- 


TABLE II 


The body/venous hematocrit ratio in adults, 
according to various authors* 











Bod - 


Number Hema- Venous 
of tocrit ee 
cases range 


38-49 
38-47 
26-59 
16-72 

9-82 


Hematocrit ratio 
(S.D.) E. 
(0.082) 
(0.012) 
(0.067) 


(0.040) 
(0.026) 


Reference 


Gibson et al. (12) 
Reeve and Veal! (7) 
Nachman et al. (2) 
Berson and Yalow (4) 
Present authors 





0.906 
0.915 
0.895 
0.924 
0.910 





* The mean and S.D. of some of the results (2,7) have 
been taken from the poe by Reeve (15). The other 
S.D.’s were calculated from published data. 


TABLE III 


Effect of deducing body/venous hematocrit ratio 
from different venous samples 


Body 
Venous 


: Ratio* 
Samples used for venous hematocrit 





0.910 


Pre-injection plus three post-injection 
i 0.903 


Pre-injection alone 





* Mean of twenty-eight measurements. 


gressive fall in the venous hematocrit was observed 
in eleven of the twenty-eight determinations in- 
cluded in this study; however this fall was less 
than one hematocrit division in all but two cases. 
The “fall” was greatest between the pre-injection 
and first post-injection blood sample. Since the 
venous stasis preceding the withdrawal of the pre- 
injection sample was generally more pronounced 
than that preceding the post-injection samples, the 
“fall” in hematocrit may have been in part related 
to stasis. In any event, since the four blood sam- 
ples generally showed very close agreement it was 
decided that a mean of the four values would be 
most representative of the venous hematocrit at 
the time of the blood volume measurement. Table 
III shows the effect upon the ratio of recalculating 
the data for the twenty-eight measurements, using 
the packed cell volume of the pre-injection blood 
sample alone. 

The interpretation of dye disappearance curves. 
When the dye concentration of successive samples 
is plotted against time, the slope is found to be 
curvilinear, even when dye concentration is plotted 
on a logarithmic scale; the result of an actual ex- 
periment is shown in Figure 2. To illustrate the 
effects of extrapolating back to zero time from 
points obtained relatively soon or late after the in- 
jection of the dye, a solid line has been drawn 
through the points obtained within the first 40 
minutes after injection of the dye and an inter- 
rupted line through the points obtained between 
40 and 80 minutes after injection. The effect of 
these two extrapolations upon the value for the 
plasma volume and hence, upon the body/venous 
hematocrit ratio, is shown. It must be admitted 
that differences of the magnitude illustrated here 
are unlikely to occur in practice, for most workers 
take their blood samples within the first hour after 
injection. 

Another method of estimating dye concentration 
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The solid line drawn through the points obtained during the first 40 minutes 
led to a plasma volume estimate of 3190 ml. with a body/venous hematocrit ratio 
of 0.917; the dotted line drawn through the points obtained during the second 
40 minutes led to a plasma volume estimate of 3420 ml. with a body/venous he- 


matocrit ratio of 0.880. 


at zero time, used for example in the present pa- 
per, is to assume a constant rate of dye loss during 
the first 45 minutes after injection and to apply a 
correction to the observed concentration rather 
than trying to estimate the rate of loss in each 
case. 

It is obvious that the use of these different con- 
ventions will lead to different estimates of plasma 
volume and thus to different estimates of the body/ 
venous hematocrit ratio in a given patient. 

In practice most workers have found values 
within the range 0.90 to 0.92 in normal adults. 
If a worker elects not to determine a value for the 
body/venous hematocrit ratio under his own con- 
ditions of measurement, it seems justifiable for 
him to select a value within this range. 

It has been mentioned that there may be a few 
clinical conditions in which the body/venous he- 
matocrit ratio may actually depart significantly 


from the constant value described above. The 


rarity of these conditions is not surprising if one 
considers the physiological interpretation of the 
discrepancy between body hematocrit and venous 
hematocrit. It can be shown that in order to 
produce a body hematocrit 10 per cent lower than 
the venous hematocrit, assuming that 20 per cent 
of the total blood volume is distributed in the capil- 
lary bed (16), one must postulate a hematocrit in 
capillary blood which is only half as great as the 
hematocrit in the venous blood. It is apparent 
that in order to raise the body/venous hematocrit 
ratio significantly (say, from 0.90 to 0.95) one 


would require either (a) complete shutdown of 
half of the capillary bed, or (b) very great calibre 
enlargement of half the capillary bed, or (c) a 


reservoir of blood somewhere in the body, wherein 
there was circulating at least 15 per cent of the 
total blood volume, having a hematocrit one third 
higher than the venous hematocrit. There are very 
few clinical conditions in which these requirements 
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are likely to be fulfilled, For example it is likely 
that during prolonged oligemic shock, capillary 
blood flow is so radically altered as to disturb the 
normal body/venous hematocrit ratio. In some 
patients with severe anemia accompanied by mas- 
sive splenomegaly, there may be a large enough 
volume of “concentrated” blood flowing through 
the spleen to produce a body/venous hematocrit 
ratio close to 1.0 (17). However, massive spleno- 
megaly by itself will not raise the body/venous 
hematocrit ratio in the non-anemic individual, pre- 
sumably because the spleen’s ability to concentrate 
blood is limited. For example, in the present 
series, there were twelve patients with moderate 
or gross splenomegaly, only one of whom was 
anemic; the average body/venous hematocrit ra- 
tio in these twelve patients was 0.909, that is to say, 
almost precisely the same as that of the whole 
series. Finally, it has been suggested (18) that 
in patients with congestive cardiac failure, the 
measurement of plasma volume by the dye method 
may be seriously in error. If this is true it seems 
best in this condition to deduce total blood volume 
from a measurement of red cell volume alone, 
using a standard correction factor for the body/ 
venous hematocrit ratio. 

The fact, demonstrated clearly by the present 
data, that the body/venous hematocrit ratio does 
not vary with the venous hematocrit is of con- 
It implies that if a worker 
standardizes his conditions of measurement and 


siderable importance. 


determines the value for the body/venous hemato- 


crit ratio under these conditions, he may then pro- 


ceed with confidence to use this value to deduce 
total blood volume from a measurement either of 
Alter- 
natively, using the conventions described in the 
present paper, the value of the ratio may be as- 
sumed to be 0.91. 

The method of estimating blood volume is then 


red cell volume or plasma volume alone. 


as follows: The observed venous hematocrit is 
corrected for trapped plasma (8) and then multi- 
plied by 0.91 to obtain the “body hematocrit” 


(BH). 


Blood volume is then given by: 


Red cell volume X 100 


BH 


100 


o) . <_< —“i=‘Ca 
Plasma volume X 100 — BH 


SUMMARY 


The ratio ae has been estimated 
venous hematocrit 
in adults over the observed venous hematocrit 
range 9 to 82 per cent and found to be constant 
(twenty-eight measurements). The value for the 
ratio was 0.910 with a standard deviation of 0.026. 
It is pointed out that the exact value assigned to 
this ratio depends to a small extent on interpre- 
tation, but that this does not affect its usefulness 
in deducing blood volume from a measurement 


of red cell volume or plasma volume alone, 
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That some species of Clostridia elaborate pro 
teolytic enzymes has been known since the earliest 
days of bacteriology (1-3). Indeed, it was soon 
realized that such organisms were unusually ac 
tive in this respect and played a major part in 
Yet 


neither these studies nor the much more detailed 


the natural processes of putrefaction (4-8). 


chemical investigations undertaken during and 
shortly after World War [ (9-13) revealed the 
occurrence of any specific collagenolytic activity 
itis true that Henry (14) reported that culture fil- 
trates from C/. perfringens had the property of 
disintegrating fresh miuscle-tissue, but he does 
not seem to have appreciated the nature of this 
we now know to be due to the 


reaction which 


presence of a collagenase (15). Subsequently, 
however, in 1931 and 1932 Weinberg and Randin 
(16, 17) announced that filtrates from cultures of 
the anaerobe Cl. histolyticum and the aerobe B. 
anthracoides would slowly digest small pieces of 
fresh Tendo Achillis. But these important ob 
servations were ignored or forgotten until in 
terest was once more aroused by the work of 
Maschmann on the protein metabolism of certain 
1937 this worker (18, 
19) isolated an enzyme from Cl. perjringess that 


anaerobic organisms. — In 


would digest gelatin but had no effect on several 


other protein substrates with the solitary excep- 


tion of collagen. He suggested the name “collage 
nase” for this agent but subsequently (20), for 
the term. 
Several years later, MacFarlane and Maclennan 
(15) reported that in filtrates of Cl. perfringens 


some undisclosed reason, withdrew 


Type A cultures, a substance was present which 
would dissolve pieces of fresh Tendo Achillis and 
destroy the collagen framework of muscle-tissue. 
They produced evidence that this activity was not 


due to any of the known enzymes elaborated by 

' This work was supported in part by a grant from 
the Medical Research and Development Board, Office of 
the Surgeon General, Department of the Army, Contract 
No. DA 49-007-MD-14 


accepted August 18, 1953) 


Cl. perfringens, a finding shortly afterwards con 
firmed by Oakley, Warrack, and Van Heyningen 
(21) by immunological methods. This new en 
zyme was later definitely identified as a collage 
Sub 


sequent work at first seemed to indicate that es 


nase by Bidwell and Van Heyningen (22). 


sentially similar enzymes were produced by other 
organisms (23-27). However, it has been clearly 
established that other bacterial proteases exist, 
unable to attack ‘native’ collagen, but more or 
less readily hydrolyzing collagen which has been 
“denatured” by various physical and chemical 


means (28-31, 22). 


MATERIAL AND METHODS 


Organisms 


The majority of the strains used in the present study 
were obtained from the routine diagnostic service of the 
Laboratory. The three strains 

furnished by Dr. E. J. 
Washington. As for the 
Ivan 


Surgical Bacteriology 
of Myxobacteria 
Ordal of the 
Clostridia, many of these had been isolated by Dr 
Hall 
matic wounds by Dr 

during World War II 
lected material (J. D 


were kindly 
University of 
during the bacteriological studies made on trau 
frank Meleney and his co-workers 

Others came from our own col 

Macl..) were 
in particular Dr. C. L. Oakley of 


Leeds and Dr. L. S. McClung of 


and some obtained 


from other sources ; 
the University of 
Indiana University 


Each 


medium 


fluid 


pro 


cultivated in a suitable 
broth with 1 per 
18 hours. A sample of 


the culture was then removed, clarified by centrifugation 


organism was 


(usually nutrient cent 


teose peptone ) for from 12 to 
and examined for the presence of collagenolytic enzymes 
by the following methods 

a. “Natural” collagen: In these experiments the usual 
substrate was a small (approximately 5 by 3 by 2 mm.) 
piece of fresh rabbit Tendo Achillis 
(in various dilutions ) 


The culture sample 
at a7" °C. 401 


digestion of 


was allowed to act 


periods of up te 18 hours. Only complete 
the fragment of tendon was accepted as evidence for the 


presence of a collagenase. We subsequently used dried 


collagen prepared by the method of Bergmann as modified 
by Einbinder and Schubert (32), and with this material it 
was possible to get accurate quantitative estimations of col 
lagenolytic activity; for the preliminary survey we were 


interested primarily in the mere occurrence of col 


1ST? 
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Azocott, AGAR DIGESTION OF 


rHE Azoco.t 


PLATE SHOWING 


] 


lagenases, our only quantitative studies being obtained 


from the highest dilution of culture which gave complete 
digestion of the tendor 
b. “Denatured” 


coll Wa 


1 


collagen: Vor “denatured” collagen Azo 
employed as a substrate. “Azocoll” is the name 
Warrack, and Van Heyningen (21) to 


a preparation of hide powder coupled with a red azo-dye 


given by Oakley 


Hydrolysis of the hide powder results in the liberation of 


estimation of enzymatic activity 
( ?] »)) 


In the present study Azocoll has been used in several 


the dye, permitting an 


by colorimetric meat 


different ways 

A standard amount of culture filtrate has been added 
to a weighed sample of Azocoll, allowed to react under 
released 
that of 
(21), is peculiarly adapted for quantitative 
(33). 


studies has been to 


standard conditions, and the amount of color 


estimated. This technique, which is essentially 
Oakley ct al 
estimations and is described in detail elsewhere 

A simpler method for qualitative 
100 mg. in 10 ml 


The resulting agar plate appears diffusely red, 


disperse 70 to of nutrient agar in a 
petri dish 
When test organisms are 
12 to 18 


( apable of 


not unlike a blood agar plate 


streaked across such and incubated for 


hours at 37° C., the 


a plate 
presence of an enzyme 
digesting the Azocoll is 
clear zone similar to that seen around a hemolytic organism 
ona Blood Agar Plat 


With organisms such as Proteus vulgaris that give a 


indicated by the appearance of a 
(Figure 1) 


spreading type of growth, another technique may he em 
ployed. The organisms are grown in a fluid medimn and 


then ihe clarified culture medium is inoculated into small 


porcelain cups, placed on an Azocoll plate as in antibiotic 


testing. The plate is then incubated at 37° C. and ex 


amined periodically for signs of clarification of the Azo 


lain cups (Figure 1) 


coll around the porce 

It may again be noted here that Azocoll is not a spe 
Other 
zymes which have little or no action on collagen will 
attack it 


collagen is a true indicator of collagenase activity 


cific substrate for collagenases proteolytic en- 


On the other hand, the use of fresh unaltered 
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AND EDWARD LL. HOWES 


RESULTS 

were examined 
The 
the study are set out in the following tables (1 and 
in). 


These studies show that, apart from two species 


strains of bacteria 


detailed 


In all, 162 


by the methods above. results of 


of anaerobic spore-bearing bacilli, Cl. perfringens 
and Cl. histolyticum, no organism examined was 
The ability 
Azocoll 


rather commoner, being found in almost all clos 


capable of digesting native collagen. 
to produce enzymes active against was 
tridia in the series and in certain strains of pyo 
cocci, of aerobic spore-bearers (Bacilli) and of 
P. vulgaris. The enzymes, both collagenases and 
proteinases elaborated by Cl. histolyticum were 
by far the most potent of any studied. 

With regard to the other organisms, the signifi 
cance of our findings may be summarized as fol 
lows. 

1. Cocci 


vestigated produced a true collagenase, one out 


\lthough none of the pyococei in 


of six strains of Staph. aurens was capable of at 
The fact 


that even one strain of staphylococcus could hydro 


tacking Azocoll, although only weakly. 


lyze Azocoll is of interest, not only because the 


proteolytic activities of this organism have been 


considered negligible, but also because Gillespie 
and Adler (34) in a recent study report that co 
agulase-positive staphylococci are without action 
on Azocoll. As for the hemolytic streptococei, our 
findings agree with those of Todd (28) and Lélhott 
and Dole (35, 


tive reactions obtained against 


36). It is probable that the posi 


Azocoll are due 


to the proteinase described by Elliott as active 
against streptococcal M-protein. 


2. Aerobic spore-bearers: The ability of four 


out of the nine strains of Bacillus examined to pro- 


TABLE 1 


Viscellaneous organisms (50 strains) 


C'rwar 
Staph. aureus 
Staph. albus 
Strept. pyogenes 
B. mesentericus 
B. cereus 

B. anthracis 

E. colt 

P. vulgaris 
Mvyxobacteria 
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duce enzymes capable of degrading hide-powder 
While this 


genus can liquefy gelatin, few can attack the higher 


Was unexpected. most members of 


proteins. It would probably be of interest to com 
pare the activities of these proteinases against a 
wide variety of substrates. No strain produced 
a collagenase, not even B. anthracis, which gives 
rise to an extremely necrotic type of lesion in the 
animal body. 

3. Gram negative bacilli: Among the strains of 
I:nterobacteriaceae tested, the results were neg: 
tive both with strains of /:. Coli and Proteus vul 
guris even though the latter species may cause 
massive destruction of tissue in some wound in- 
fection. Dr. Wim. Altemeier has stated in personal 
communications that strains of Proteus vulgaris 
exist which produce an active collagenase. How 
ever, these collagenases, unlike those elaborated 
by the Clostridia, appear to be adaptive enzymes, 
and our methods of examination were not well 
suited to the detection of such enzymes, Indeed, 
it is worth suggesting that further surveys of this 
group of bacteria be made in which collagen or 
gelatin is incorporated in the test medium, 

4. Myxobacteria: The three strains of Chondro 
coceus columnaris were included because they can 
cause in fish a highly fatal infection associated 


None of 


the strains produced enzymes capable of attacking 


with much destruetion of tissue (37), 


hide powder, although Ordal and Rucker (37) 
state that gelatin is rapidly liquefied. 

Clostridia: Apart from the Cl. perfringens 
and Cl. histolyticum, no species of clostridium ex- 
The ability of C7. 
sporogenes to attack Azocoll may be significant 


amined could liquefy collagen. 


since it 1s an actively proteolytic organism which 
has been used in the past for the enzymic debride- 
ment of foul necrotic wounds (38, 39). 

It has been known for some time that Cl. per 
The dis 


frmgens could produce a collagenase, 


IABLE Tf 


Clostridia 


rgal 


Cl. perfrinvens 
Cl. histolyticum 
Cl. novyi 

Cl. septicum 

Cl. bifermentans 
Ci Ss porogene § 


DIGESTION OF 


COLLAGEN 


TABLE III 


perfringens 


amongst the various 
Table ILI. 


This table is in general agreement with the find 


tribution of this enzyme 


toxigenic types has been set out in 


ings of Oakley ef al. (21) in that all Type A strains 


can digest collagen. However, Oakley and his col 


laborators (21) report that Types B, C, and D also 


elaborate collagenase, although only in small 


amounts. This we did not encounter. However, 


the number of strains we studied was relatively 
small, Furthermore all four Type B strains and 
one out of three Type C strains gave positive reac 
tions against Azocoll, Since Type B strains form 
at least two proteinases (29), one capable of at 
“denatured” collagen, and 


tacking “native” and 


the other only “denatured” collagen, while Type 


C strains form only the true collagenase, some of 
the positive Azocoll results may be due to traces 
of collagenase, too weak to digest the relatively 
large amounts of fresh tendon, but capable of re 
leasing color from \zocoll powder 

Indeed, even with Type A strains the amounts 
of collagenase produced are small——the highest di 
lution of culture giving positive results being '¢. 
as compared with frequent readings of Yrg and 
occasionally of 14,5 in the case of Cl. histolyticuim. 


Cl. histolyticum 


In view of the relatively high activity of the 
proteolytic enzymes produced by Cl. histolyticum, 
we decided to limit our future investigations to this 
re-examined our collection 
No. H.4 for its 
ability to produce proteinase and No. 230-2 for 
Strain No. H.4 
was isolated in the United States during World 
War IT in the course of the Contaminated Wounds 
Project, while Strain No. 230-2 came from the 
S. McClung of Indiana Uni- 


Further details concerning these organ 


organism. Hence we 


of 82 strains and selected two 


its ability to produce collagenase. 


collection of Dr. I. 
versity 


isms are not available 
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Development of medium to 


ensymes 


optimal produce 


Since this study was undertaken in an effort to 
discover bacterial enzymes of therapeutic value, 
the development of a fluid medium which would 
consistently favor the production of large amounts 
of a highly active proteinase by Cl. histolyticum 
has involved an extensive series of trials. It soon 
became clear that one containing high concentra- 
The 


effect of peptone concentration, vitamins, minerals, 


tions of peptone was superior to all others. 


pH, ionic strength, and Fe** was then studied, and 
the following formula devised. 
To each liter of distilled water are added: 


15 Gm. 
50 (sm. 
9 (Gam. 
1.92 Gm. 
0.08 Gm. 


5 ml 


Trypticase Soy Base 

Proteose Peptone 

Na, HPO, 

Kaa. PO, 

MgSO, 7H,O 

Vitamin Solution containing 200 
mg. each of Ca Pantothenate, 
Nicotinic 
Thiamine, 20 mg. of Riboflavin 
per liter 

FeSO,7H,O/100 ml. N/10 HC] 
NaOH to adjust pH to 7.4 


Acid, Pyridoxine and 


6 mil. 


The concentration of the Vitamin Solution does 
not appear to be of critical value; that of the fer 
rous salt and the peptone does. Moreover, cer- 


tain other metallic salts—in particular calcium, 


magnesium and cobalt—may have a beneficial ef 
fect, either in place of or in addition to the ferrous 
iron, 

The maximum yield of enzyme is obtained after 
17 to C., the 
warm medium being heavily inoculated with a 


from 18 hours’ incubation at 37 
young culture of the selected strain of Cl. histo 
lyticum (Figure 2). 

Other bases and supplements tested, including 
various casein-digests, phytones and peptones, col- 
lagen and collagen derivatives such as hide powder 
and gelatin, glucose and other carbohydrates were 
not as satisfactory 

Although the above medium was best in our 
studies, it would be extremely expensive to use 
on a commercial scale. We have, accordingly, 
tested various digest preparations as an alterna- 


tive source of protein. Through the courtesy of 
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Dilution | 
f 


Oo 
filtrate 


32 


| 
2 24 30 
Time in hours 


ic. 2. COLLAGENASE PRODUCTION 


Maximum collagenase activity is plotted in dilutions 


of the filtrate against time in hours 


Dr. Irwin S. Danielson of Lederle Laboratories 
seven preparations were obtained and tested in 
various ways. These preparations are listed in 
Table IV. 

None of these media, in varying concentrations 
and supplemented by various salts, vitamins and 
growth factors, has given us results in any way 
comparable to those obtained with our own me 
dium. The most satisfactory was the Pancreatic 
Liver Cake Digest; and yet even at its best this 
gave us yields of the proteinase at least 50 per cent 
lower. 

The very high (5 per cent) concentration of 
proteose peptone required for optimum yields sug- 
gested to us that some “growth factor” might be 
present. The peptone preparations used in bac- 
teriological work contain considerable amounts 
of Blood Group A substance, but neither the addi- 
tion of purified Blood Group A substance nor of 


various other fractions obtained from peptone in 


TABLE IV 


1. Pancreatic Beef Heart Digest 
2. Pancreatic Liver Cake Digest 
3. Peptic Liver Cake Digest 

4. Peptic Veal Muscle Digest 

5. Peptic Placenta Digest 

6. Papain Liver Cake Digest 

7. Tryptic Beef Heart Digest 
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any way enhanced the value of a medium in which 
proteose peptone was absent or present in sub- 
optimal amounts. Other attempts to separate a 
“growth factor” proved no more successful. 

A technical point of importance is that the strains 
of Cl. histolyticum used in these studies have a 
tendency to develop rough variants. Such vari- 
ants give consistently low yields of proteolytic en- 
zymes. It has, therefore, been our custom periodi- 
cally to plate out the strain under study on Blood 
Agar and to select a smooth colony from which to 
grow the inoculum in ordinary nutrient broth. 
By selecting several such colonies from a single 
plate and testing out the resultant broth cultures 
both for collagenase and proteinase activity, we 
have had no difficulty in maintaining strains of 
high potency. 


SUMMARY AND CONCLUSIONS 


1. Methods for determining a) the collagenase 
and b) other proteinase activities of micro-organ- 
isms have been described. 

2. One hundred and sixty-two strains of bac- 
teria have been examined for such activities. 

3. Few organisms other than the spore-bearing 
bacilli (aerobic and anaerobic) exhibited protein- 
ase activity, none other than the clostridia pos- 
sessed collagenase activity. 

4. By far the most active organism, both with 
regard to proteolytic and collagenolytic powers, 
was Cl. histolvticum, 

5. A collection of 82 strains of this bacterium 
was examined in detail and certain very potent 
strains selected for further study. 

6. A medium which favors greatly increased 


production of this proteinase has been evolved. 


7. Unsuccessful attempts to simplify this me- 
dium at: described. 
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INTRODUCTION 


Keports on the nature of proteolytic enzymes 
obtained from CZ. histolyticum have been contradic- 
tory. Maschmann (1) described two extracellular 
and one intracellular enzymes besides peptidases. 
His extracellular proteinases are inhibited by 
cysteine, Fe*', Cu, Hg and cysteine plus Fe" 
Weil and Kocholaty (2), on the other hand, found 
a proteinase activated by heavy metals and SH 
compounds. Van Heyningen (3) tried to recon 
cile both findings by postulating two proteinases, 
one activated by cysteine, the other inhibited, so 
that the addition of cysteine to a system containing 
both enzymes would be without obvious. effect. 
More recently, Kocholaty and Krejci (4) found 
that by salt precipitation they obtained one single 
proteinase only, activated by Fe'' and_ cysteine. 
Collagenase activity of Cl. histolyticum has been 
reported by Jennison (5), Evans (6), Oakley and 

Ty 
tell and Hewson (9) prepared both a collagen-di 


Warrack (7), and Neumann and Tytell (8). 


gesting enzyme inhibited by Fe** and cysteine and 
a proteinase resembling that of Kocholaty and 
Krejci (4) and Van Heyningen (3). A similar 
proteinase has now been isolated by Lepow, Katz, 
Pensky, and Pillemer (10) except that their puri 
fied enzyme 1s optimally activated by cysteine 
alone, e' being without effect, 

Our own studies of Cl. histolyticum enzymes 
have led us to the conclusion that all strains elabo 
rate a collagenase and at least one other proteolytic 
The amounts vary with the strains and 


(11) the 


screening of organisms was described for the selec- 


enzyme. 


with the medium used. elsewhere 
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tion of strains capable of producing large amounts 


of potent enzymes that digested native and de 


natured collagen. By differential precipitation 
techniques we have now been able to isolate some 
of these enzymes from media growing certain of 


these strains. 


Precipitation of proteinase 

Optimum growth conditions tor protemase pro 
duction are described in a previous paper (11) 
After 17 hours incubation the fluid medium con 
taining the enzyme is freed of bacteria by passage 
through a large Seitz filter, It is then subjected 
to fractional precipitation under controlled con 
ditions of temperature, pH) and ionic strength. 
Methanol precipitation gives a more active and 
purer proteinase than precipitation with acetone, 
ethanol, propanol and butanol. Relatively high 
concentrations of 66 to 72 per cent methanol, pH 
of 6.1 to 6.2 and high ionic strength of 0.27 were 
found most satisfactory (see Tables | and [1). At 
high ionic strength only traces of collagenase are 
co precipitated, 


The cooled filtrate adjusted to pH 6.1 is precipitated at 
5° C. with 2 to 21% vol 15 to 
Zo” oC. The overnight 


at a temperature of Is" 4 


methanol precooled to 
precipitate is allowed to settle 
, then spun off in a refriger 


ated centrifuge It is resuspended in a small amount of 


water, dialyzed, clarified by filtration or centrifugation 


and lyophilized to a white powder 


The small amount of collagenase co-precipitated 
under these conditions comes down with the first 
1% vol. methanol. When this fraction was centri 
fuged off and a further volume of methanol added 
to the supernatant, the second precipitate so ob 
tained was a proteinase of high activity and com 
pletely free of collagenase (Fraction II). Al 
though these enzyme preparations appear electro 
phoretically homogenous (Figure 1), they con 


tain relatively large amounts of a saccharide im 
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TABLE 1* 
Precipitation of Cl. hystolyticum proteinase 
under varying condition 


no ppt 
no ppt 
S) 
70 
170 


Annan 


5.5 19 
6 60 
6 13 
7 38 
7 35 
8 


5 


6.1 520 
6.3 199 
6.55 186 
6.65 143 
6.85 157 


Azocoll and Casein digestion values are given as com 
parative colorimetric readings per unit volume 
ft Optimal conditions 


purity which was found to be Blood Group A 


substance, co-precipitated from the peptone in the 
medium. This anti-hemagglutination factor, which 


is present in relatively large amounts in most 
mammalian tissue digests, is not precipitated to 
the same extent by (NH,).5O,. 


contaminant was, therefore, substantially reduced 


The amount of 


by preliminary precipitation of both enzymes with 
(NH,).SO,. Forty per cent (NH,).SO, pre 
cipitated collagenase containing 20 to 40 per cent 
This 


proteinase could be separated by methanol precipi 


proteinase activity (35 per cent by weight). 
tation of the dialysed collagenase preparation at 


TABLE HI” 
Effect of tonte strength and tons present on enzyme activity of 


precipitate (pH 6.1, 2 vol. CH,;OH added) 


MgSO Casein 
added lon zocoll test 
mie trength test 15 


0 0.1 166 238 

3? 0.112 106 197 92 
160 0.16 169 52 206 
().22 06 8G JRO 


0.1 709 208 210 
0.1 690 185 240 
0.1 520 171 160 
0.1 510 149 240 


\zocoll, Casein and Benzoyl Arginine Amide digestion 
values are given as Comparative colorimetric readings pet 
unit volume 
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pH 7.5 in the presence of enough MgSQ, to raise 
the ionic strength to 0.27. The resulting enzyme 
preparation was free of collagenase and very active 
I:xperiments on the further purification of this 
proteinase both by chemical and physico-chemical 


means are in progress 


Prec ipitation of « ollage nase 


Precipitation of the clear Seitz filtrate with solid 
(NH,).SO, gives a very active enzyme prepara- 
tion. Most of the activity is in a first fraction ob 
tained by adding 400 Gm. solid (NH,).SO, to 
each liter of filtrate, allowing it to stand at 4° C. 
overnight, filtering, resuspending the precipitate 
in a little water, dialysing, filtering off any insolu 
ble residue and freeze drying. Further puritica 
tion may be obtained by calcium phosphate adsorp 
tion and elution with 10 per cent (NH,),SO, or 
by a second (NH,).SO, precipitation at more al 
kaline pH, but in our hands these steps entail con 
siderable losses. The dried enzyme is not free of 
proteinases. 

An alternative method is CH,OH precipitation 
of the dialyzed Seitz filtrate essentially as described 
by Tytell and Hewson (9). 


Assay methods employed 


Azocoll; Various modifications of the method of 
Oakley, Warrack, and Van Heyningen (12) esti 
mating the release of color from Azocoll (hide 
powder coupled to an azo dye) have been used to 
determine total proteolytic activity at consecutive 
steps of purification, 


lor quantitative determinations 50 mg. Azocoll are 
suspended in 9.9 ml. Phosphate Buffer pH 7.4 containing 
4 parts M/15 Na,HPO,, 1 part M/15 KH,PO, and 5 
parts 0.9 per cent NaCl. One-tenth ml 


is added and the flasks shaken for exactly 15 minutes on a 


enzyme solution 


Fisher Gyrosolver shaking machine placed in an incu- 


os 


pH 5.5 


pH 415 pH 725 


hic. 1.) ELecTropHoretTic PATTERNS OF CI HIstory 


TICUM PROTEINAS! 





PROTEINASE 


Fic, 2 [eLECTRON 


LAGEN FIBRILS. a 


(Preparation by D1 


bator at 37° ¢ The Azocoll powder is then filtered off 
through a rapid filter paper directly into Klett tubes and 
with a green 


blank 


indicates Q) 


read colorimeter 


Klett 


enzyme 


the color released in a 
filter No. 54 The 
for | mg. dry 
this 
added activators, 
buffer is 


minus the is cal 
This value 
Wher 
metal salts, et 


total 


reading 
culated 
the effect. ot 
is tested the 


units for enzyme preparation 
inhibitors, 
amount cf decreased to give a volume ot 


10 ml 


Native collagen: Unlike Azocoll or hide powder, 
which are attacked by collagenase and protein 


AND COLLAGENASE 


MickocRAPHs SHOW! 
UNTREATED Fiprit 


Jerome Gross 


FROM CL. HISTOLYTICUM 


iG ERRECT OF COLLAGENASE ON COL 


b. COLLAGENASE TREATED FIBRILS 


Ma Inst. of 


Pechnology ) 
¥ 


ase(s), “undenatured” collagen is a specific sub 
strate for collagenase. Collagenase activity was 
therefore determined by the action of the enzyme 
on Achilles tendon or collagen purified by extrac 
Na. HPO, and KCI to remove soluble 


The de 


gree of hydrolysis was established by a modifica 


tion with 


proteins and mucopolysaccharides (13). 


tion of the ninhydrin color reaction (14) for free 


amino groups and Kjeldahl nitrogen tests or by 


The 


serial dilution experiments extent of the 
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breakdown of collagen by collagenase was esti- 
mated by occasional Van Slyke ninhydrin CO, 
tests (15) to distinguish between peptides and free 
that at 


some amino acids were released from collagen, 


amino acids. These tests showed least 
although enzymatic digestion was not as complete 
as acid hydrolysis. Paper chromatograms of en 
zymatic and acid collagen hydrolysates confirmed 
these findings. Since all our collagenase prepara- 
tions contain some proteinase this enzyme may be 
responsible for the liberation of free amino acids 
after breakdown to the peptide level by the col- 
lagenase. We are still engaged in the elucidation 
of this point 

Dr. Jerome Gross of Massachusetts General 
Hospital has studied the changes in the fine struc 
ture of undenatured collagen fibrils as influenced 
by collagenase and proteinase under the electror 
microscope. The proteinase either with or with 


out cysteine activation did not attack collagen 


fibrils. On the other hand, the attack brought 
about by collagenase was very striking. “he fibrils 
became distinctly tapered and lost their cross stria 


tions. Trypsin fragments the fibril transversely 


a 


~ 
y 
>) 


\ 
\ 


* 
/~ (~\ 
a 


° 


x 


/ 
z 


~~ - - @-- - ~ 


e-~ a 


AZOCOLL READING 


~ 
e 


i 1 1 1 


. 6 65 4 75 
S@RENSEN PHOSPHATE BUFFER 


55 


Activity oF COLLAGENASE (0) AND PROTEINAS! 


(X) IN SORENSEN PHOSPHATE BUFFER 
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‘erie 


} 
| 


RE ADING 


GLYCINE 


No activity at 


_AZOCOLL 


ee 


x 
Mc/LVAIN 
No activity ot 


pH 36-6 incl 


Mic. 4. Activity oF PROTEINASE IN PALirzscH, 


McILvaiIn, AND GLYCINE BUFFER 


but collagenase reduced the entire diameter as if it 
were washed away (Figure 2). 

Other tissue components: None of our prepara 
tions has had any activity against elastin or kera 
tin. 

Other 


preparations was also measured against 


substrates: Enzymatic activity of our 
various 
other substrates such as casein, egg albumen, bo 
vine serum albumen, hemoglobin, etc. by adapta- 
tion of Kunitz’ method (16) of determining the 
tyrosine and tryptophane content of the super 
natant obtained on trichloroacetic acid precipita 
tion of the digest. For casein hydrolysis the de 
crease in turbidity resulting on addition of aliquots 
to sulfosalicylic acid at given intervals according 
(17) also followed. In addition, 


to Grob was 


synthetic substrates such as benzoyl arginine 
amide, benzoyl arginine isopropyl ester and argi- 
nine methyl ester were employed. No activity was 
found against tyrosine ester or glycine ester. Ac 
tivity against benzoyl arginine amide was meas 
ured by Conway microdiffusion of the NH, re 
leased on splitting of the amide bond followed by 
nesslerization or titration by the method described 
(18). Hestrin’s method (19) of 


for ficin reac- 
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‘\ 


AZOCOLL READING 


ACTIVITY OF PROTEINASE IN UNBUFFERED 


DirrERENT PH 


hic. 5 


SOLUTION AT ESTABLISHED BY ADDING 


NaOH or HC1 


tion with alkaline hydroxylamine was used te fol 
low the decrease in unsplit ester present after en 


zymatic interaction. 


Chemical properties of proteinase and collagenase 


Soth enzyme preparations are typical proteins, 
and give positive reactions with all the usual pro 
tein reagents. There is no evidence of free SH 
groups as judged by the nitroprusside reaction, 
although S is found on ashing. Their tyrosine and 
tryptophane content as determined by spectrophoto 
metric analysis is low. These findings agree with 
those of Kocholaty and Krejei (4). The amino 
acid composition has been estimated by qualitative 
paper chromatography. It resembles that of col 
lagen in both enzyme preparations. Quantitative 
analyses have been postponed until the purer en 
zymes are available. 

In phosphate buffers both enzyme preparations 
showed maximum activity at pH 7.4 (Figures 3, 4) 
while with other buffers different maxima were 
obtained (Figure 4). Activities at a given pH also 
varied with the buffer employed. These differ 
ences are probably due to inhibition by some of 
the ions present—e.4., 


4). 


borate and citrate (Figure 
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The collagenase-free proteinase was more thor 
oughly investigated first. Hence, the rest of the 
discussion about the factors that influence activity 
will be largely about proteinase. 

In Mellvain phosphate-citrate buffer no prote 
inase activity was discerned below pH 6.6 (Figure 
4); in Sgrensen phosphate buffer, while the maxi 
mum activity occurred at the same pH, the en 
zyme was active over a much wider range (Figure 
3). An apparent second maximum in glycine 
buffer at pH &.6 was probably caused by the dif 
ference in buffer composition (Figure 4). In 
Palitzsch borate butfer activity decreased with 
rising pH, with a possible slight maximum at pH 
8 (Figure 4). When no buffer was used and pH 
adjusted with HCland NaOH only, the maximum 
appeared at pH 6.4 (Figure 5). It is of interest 
in this connection that in 1934, Walbum and Rey 
mann (20) found two maxima, one between pl 
6 to 7 and one between pl] & to 9, for optimum 
gelatinase activity of crude C7. histolyticum fil 
trates. Since they too had to change the buffer 
systems from citrate (pll 4 to 5) to phosphate 
(pH 6 to 7) to borate (pH & to 10) the different 
effects of these anions may account for their re 
sults. 

Stability at different pH values also differs with 
\t low pl, stability 


is greater in acetate than in Mellvain buffer (Fig 


the buffer system employed 


ure 6). For at least one month stability of dilute 


solutions is fair over a pil range from about 5.6 


STABILITY OF J PROTEINASE AT DIFFERENT pH 


GLYCINE 
BUFFER 
pn ag 
ono? 
: a 
yi »? oni 
ACETATE BUFFER S@RENSEN PHOSPHATE BUFFER oi BIT 29 
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TIME IN HOURS 


GLYCINE BUFFER 


ILVAIN BUFFER 
Mey 8 (fraction) 


(traction) 


pnBe 


ono4 


on io? 
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‘8 € 
TIME IN HOURS 


Fic. 6 PROTEINASE AT DIFFEREN 


BUFFER 


STABILITY OF 
AND IN DIFFERENT 


Fraction If is a purer preparation 
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to high alkalinity, although stability is less for the 
more active highly purified preparations (Fraction 
I!, Figure 6). In the dry state the lyophilized en 
zymes retain their activity indefinitely. 

Table II] shows the effect of various cations on 
proteinase activity. Hg** is seen to inhibit the en- 
zyme completely, Ag considerably, most metal 
ions reduce proteinase activity to some extent, 
but Ca 
Mn activate slightly 


increases jt almost twofold; Mg, Co, and 
Again, results differ some- 
what with the system used, substrate and buffer 
(Table II] FF 

The effects of oxidizing and reducing agents 
have been studied, but we were unable to confirm 
the cysteme activation or iodoacetamide inhibition 
claimed for Cl. histelyticum proteinase (2, 4, 7, 
9, 10), except for the splitting of the synthetic 
substrates. At various concentrations and under 
various conditions of incubation, essentially un 
changed activity toward Azocoll and casein was ob 
tained in the presence or absence of cysteine or 
iodoacetamide. 
steine (M/10) 


Very high concentrations of cy- 
showed definite inhibition of all 
enzyme preparations. Cysteine plus a heavy metal 
did not change the effect of the metal alone, ex 
cept in the case of Co where the slight increase of 
activity with Co alone was no longer observed. 
The lack of cysteine activation led to the belief 
that we may be dealing with an enzyme distinct 
from the cysteine activated protease described 
by other workers (2, 4,7, 9, 10). 

further evidence for this third 
This 


We have now 
enzyme which we propose to call 6 enzyme. 


ABLE Il 


Effect of various cations on & proteinase activity 


Azocoll 
reading in 
Ca borate 

buffer 1 hr 3 hrs 


Undigested 
casein alter 


Azocoll 
reading in 
Mclivain 


Metal bufter 


Ca , 540 18 
Mg 420 20 
Zn 435 100 
Mn 415 25 
Fe** 390 ; 28 
Co 355 28 


Cu 340 (Blank) 100 
Fe*** 296 100 
Pb 250 100 
Ni 210 (Blank) 100 
\g 112 (Blank) (Blank) 100 
Hy 100 (Blank) ? 100 
Nore (control) 360 25 
Blank 150 100 
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TABLE IV 


Titration of proteinase against Azocoll using 
different antisera* 


Anti-8 Anti y Anti-é 


Serum 


2001 100 100 100 
2005 350 166 70 
2008 370 36 170 
2035 230 150 170 
8003 200 550 110 
8006 180 410 110 


* The discrepancies between the anti-y and anti-6 read- 
ings will be obvious and indicate that these two pro- 
teinases are antigenically distinct. (Sera were kindly 
supplied by Dr. C. L. Oakley who calibrated them and 
who has largely confirmed our results.) 


evidence, which will be given in greater detail else- 
where, can be summarized as follows: Tests con- 
ducted with a series of six specific antisera cali 
brated by Oakley and Warrack (7) for anti ~ 
(collagenase ) and anti y (cysteine activated pro- 
teinase) activity show that the new 6 proteinase 
is immunologically distinct from both B and y (see 
Table IV). 

Heating of the proteinase preparation to 50 
for 30 minutes, lowering of the pH to 4.6, or pas- 
sage through a column of the ion exchange resin 
XE64 (Roehm and Haas) results in a loss of 34 or 
more of the activity towards the synthetic sub- 
strates benzoyl arginine amide and arginine ester. 
This differential inactivation indicates the presence 
of at least two enzymes in the proteinase prepara- 
tion. While collagenase is equally thermolabile 
and sensitive to lowering of pH, losses in activity of 
proteinase preparations are too great to be ac- 
counted for by traces of collagenase present in 
some of our preparations and inactivation is the 
same when collagenase-free preparations are sub- 
jected to heat and low pH. 

We therefore found that at least three proteolytic 
enzymes are elaborated by Cl. histolyticum: a col- 
lagenase identical with Oakley’s B enzyme, a 
cysteine activated proteinase, possibly Oakley's 
enzyme, that attacks certain synthetic substrates 
and resists heat and low pH values and a new 
more labile proteinase, unaffected by cysteine and 


similar reducing agents. 


SUMMARY 
Conditions for the separation of proteolytic en- 
zymes from Cl. histolyticum have been established. 
\ proteinase free of collagenase activity and a 
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powerful collagenase, which, although it still con- 
tains other proteinases, is considerably enriched 
and concentrated with regard to collagen digest- 
ing capacity have been isolated. The proteinase 
preparation has been investigated for the effect of 
pH, cations and anions on its activity. Its sta- 
bility has been determined. The main constituent 
of the proteinase preparation made by the method 
described is believed to be a new enzyme. 
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to, 691-695 
Antigenicity, of platelets, 606 
Antiglobulin agglutination test, 
for Brucella agglutinin, 100- 
102, 104-105 
Antihormone, formation of, after 
hog pituitary FSH, 586 
Antistreptolysin 
formation of, after penicillin for 
streptococcal infection, 632 
in immunity to streptococcal in- 
fection, 572 
Anuria, inulin space in, 209-213 
Aortic valve, plastic valvular pros- 
thesis for insufficiency of, 
598 
Apnea, voluntary, and cardiac out- 
put, 6 
Soe -_ dietary protein, 185- 
9 


Apresoline 
and cerebral blood flow in hyper- 
tension, 655-660 
in congestive heart failure, 579 
hemodynamic alterations due to, in 
hypertension, 569 
intravenous, response of hyperten- 
sive kidney after, 561 
in pregnancy, 922-929 
Aramine, cardiovascular effects of, 
560 
Arsenate, and “L. E. cell” phenome- 
non, 199 
Arteriole 
glomerular, after protoveratrine, 
87 
pulmonary 
in mitral valvular disease, 588 
resistance in, in emphysema, 133 
Arteriosclerosis 
and cerebral blood flow, 459-465 
and cerebral oxygen consumption, 


462-464 
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cerebrovascular resistance in, 700- 
702 
and metabolism in cerebral vas- 
cular disease, 574 
Artery 
pressure in 
after hexamethonium, 1287, 1290 
in patients with arteriovenous 
fistula, 543-546 
See also Coronary artery; Pul- 
monary artery 
Arthritis, rheumatoid 
blood copper in, 332 
composition of fibrinoid of, 1253 
1259 
corticosterone in, 769-773 
metabolism after nitrogen mustard 
for, 575 
Ascitic fluid 
iodo-albumin transfer in, 755-756 
and plasma protein exchange, 553 
Assay, cationic detergent, of serum 
proteins, 661-672 
Atrium 
left, pulse pressure of, in mitral 
stenosis, 554 
right, pressure in, in arteriovenous 
fistula, 544-546 
Aureomycin 
in intestinal degradation of choline, 
1117-1120 
staphylococci resistant to, 582 
Auricle, right, pressure in, after 
hexamethonium, 1287 
Autonomic nervous system, and 
renal function, 182 
bacterial digestion of, 
1318-1319, 1324-1326 
Azotemia, in renal insufficiency, 77 


Azocoll, 


B 


Bacillus, in digestion of collagen, 
1318-1319 


Bacteria, in digestion of collagen, 
1317-1322, 1323-1329 
Ball valve, plastic, for severe aortic 
insufficiency, 598 
Ballistocardiography, vs. Fick 
method in determining car- 
diac output, 5-13, 559 
Balloon catheter, intracardiac, for 
producing increased venal 
caval pressure, 1140-1161 
Barbital. See Barbiturate 
Barbiturate 
hemodialysis in poisoning due to, 
364-371 
urinary excretion of, 366-367 
Basal metabolic rate, and cerebral 
oxygen consumption, 203 
Base. See Acid-base balance 
Bed rest, for infectious hepatitis, 559 
Benemid 
and phenylbutazone in gout, 1128 
for typhoid carriers, 593 
Beta-glucuronidase, 60 
Bicarbonate 
in muscle, in hypokalemic alkalotic 
rat, 539-541 
in plasma, in hypokalemic alkalotic 
rat, 539-541 
in potassium depletion due to laxa- 


tives, 264 
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Bicarbonate (Cont'd) 
reabsorption of, and carbon di- 
oxide tension, 972-977 
in scrum 
in children, 825, 827 
in cyanotic c ongenital heart dis- 
ease, 839-840 
in solution in colon, 446-447 
in urine 
in hypokalemic alkalosis, 540- 
541 


after quiet standing, 245-249 
Bile, peptidase in, 678 
Bile acid, in blood, in nephrosis, 121- 
i) 


Bile duct, serum peptidase activity 
in disease of, 677-679 
Biliary tract 
disease of 
and cholesterolesterifying enzyme 
in serum, 804, 805 
serum cholinesterase in, 469 
Biopsy 
needle, in estimation of liver lipids, 
214-22 
of pleura, 597 
Blast cell, inhibition of serum des- 
oxyribonuclease by, 196 
Bleeding. See Hemorrhage 
Blockade, autonomic ganglionic, and 
hexamethonium, 182 
“Blocking” antibodies test, for 
Brucella agglutinin, 100, 104 
Blood 


acid-base changes in, during hemo- 
dialysis, 729-735 
and adhesion-disappearance phe- 
nomenon, 592 
arterial, in polycythemia vera, 52 
58 
barbiturate levels in, 367 
carbon dioxide in, in pulmonary 
emphysema, 135 
cerebral flow of, 33-37 
and ACTH, 372-379 
and adrenal medullary hormone, 
226-232 
and aging, 459-465 
and arteriosclerosis, 459-465 
and carbon dioxide inhalation, 
696-702 
and cerebral oxygen consump- 
tion, 696-702 
in cerebral vascular disease, 574 
and cortisone, 372-379 
in Cushing’s syndrome, 375 
after hydrazinophthalazine, 655- 
660 
and hypertension, 459-465, 655 
660 
in hyperthyroidism, 202-207 
and poxygen consumption, 696 
7 ‘~ 
in pernicious anemia, 598 
in postural hypotension, 568 
in pulmonary emphysema, 720- 
727 
coagulation of, 
loma, 596 
constituents of, after “6063” in res- 
piratory acidosis, 623-628 
copper in, 322-327, 405-413 
in disease, 329-338 
in pregnancy, 329, 331 


in multiple mye- 
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flow of 
in bone marrow, 952-962 
in hemorrhagic shock, 612 
after hexamethonium, 1287, 1290 
after hydrazinophthalazine in hy- 
pertension, 655-660 
postsympathectomy, after intra- 
venous epinephrine, 851-856 
after Valsalva maneuver, 588 
gases in 
in children, 824-834 
in cyanotic congenital heart dis- 
ease, 837-846 
glucose in, 644 
after hexamethonium, 797 
in rapid intravenous glucose 
tolerance test, 428-435 
hepatic flow of 
after hemorrhage, 573 
after hydrazin-ophthalazine, 586 
after norepinephrine, 605 
after portacaval shunt in cir- 
rhosis, 526-536 
intermediary metabolites in 
after fructose infusion, 277-280 
after glucose infusion, 277-280 
leukocyte in, 642-644 
metabolism in, in cerebral vascular 
disease, 57 
oxygen in, in children, 830-831 
peripheral, 17-hydroxycorticoster- 
oids in, 818-822 
pooling of, and renal 
1163-1169 
pressure of 
in adrenalectomized rat given 
cortisone acetate and des- 
oxycorticosterone acetate, 
1176 
after Apresoline in pregnancy, 
924, 926-927 
arterial, after venal caval con- 
gestion, 1154, 1156, 1159 
and arteriovenous fistula, 234 
and dietary protein, 189, 190 
and dietary sodium, 188-189 
and 7 creel fluid volume, 
4 
after hexamethonium, 173, 176- 
178, 181 


function, 


in Laennec’s cirrhosis, 1029 
after potassium-deficient diet in 
hypertension, 633-636 
See also Hypertension; 
tension 
radiosulfate disappearance from, 
303-305 
renal flow of 
nitrous oxide vs. para-amino- 
hippurate method in meas- 
urement of, 1180-1183 
after phenylbutazone in gout, 
1126, 113 
sodium in, after pitressin, 886-887, 
889-891 
splanchnic flow of, after hexa- 
methonium bromide, 793-799 
storage of, below 0° C. in liquid 
state, 1005-1011 
sugar in, in diabetes mellitus, 577 
thromboplastin inhibitor in, 381- 
urea nitrogen, during globin ad- 
ministration, 966-967 


Hypo- 


uterine flow of, in pregnancy, 589 

venous admixture of, in mitral 
valvular disease, 512, 517- 

after venous congestion of limb, 
1112 

viscosity of, determined by Poiseu- 
ille’s law 

volume of 

after apresoline in pregnancy, 

2 


body/venous hematocrit ratio in 
measurement of, 1309-1316 

and extracellular fluid volume, 
314 


after intravenously administered 


modified human globin, 22- 


after oral hypertonic solutions 
following gastrectomy, 597 
radioiodine tagged globin as ex- 
pander of, 22-31 
See also Plasma; Serum 
Blood vessel, stretching of, as stim- 
ulus for electrolyte and wa- 
ter excretion, 1159-1160 
See also Artery; Capillary; Vein 
Body fluid 
alterations in, in diarrhea of in- 
fancy, 1013-1022 
response of, to hypertonic saline in 
diabetes insipidus, 607 
See also Fluid; Water 
Body weight 
during administration of corticos- 
terone in rheumatoid arthri- 
tis, 773 
and dietary protein, 185-191 
after globin administration, 965 
in renal insufficiency, 77 
Boeck’s sarcoid, pulmonary function 
in, 909-912 
Bone 
calcium tolerance test in disease 
of, 584 
changes in, in sickle cell-hemo- 
globin C disease, 1279 
Bone marrow, blood flow in, 952- 
962 
Brachial artery, pressure in, in pa- 
tients with arteriovenous 
fistula, 544, 545 
Brain 
blood flow in 
and ACTH, 372-379 
and adrenal medullary hormones, 
226-232 
and aging, 459-465 
and arteriosclerosis, 459-465 
after carbon dioxide inhalation, 
696-702 
and cerebral oxygen consump- 
tion, 696-702 
in cerebral vascular disease, 574 
and cortisone, 372-379 
in Cushing’s syndrome, 375 
after hydrazinophthalazine, 655- 
660 
and hypertension, 459-465, 655- 
660 
in hyperthyroidism, 202-207 
and oxygen consumption, 696- 
702 
in pernicious anemia, 598 





in postural hypotension, 568 
in pulmonary emphysema, 720- 
Titian, streptodornase 
in subarachnoid space, 392 
metabolisin in, in cerebral vascu- 
lar disease, 574 
vascular resistance in, 33-37 
Breast, ovarian function in carcinoma 
of, 594 
Breath, carbon-14 excretion in, 2 
Breath-holding 
and cardiac output, 6-7 
during crying, 831 
Breathing. See Respiration 
Breathing capacity, maxim. ! 
at high altitude, 491, 494 
in mitral valvular dise se, 515-518, 


after 


521 
Bromide space, 483-488 
Bromsulfalein, 529-530 
Bronchiectasis, blood copper in, 332 
Bronchus, effect of body position on 
lobar alveolar gas concen- 
tration in, 617-621 
aneeee bax. sera for agglutinin 
, 96-105 
Burn, Pore Aang urinary amino acids 
in, 592 


Cc 
C™, See Carbon, radioactive 
C-antibody, in leukemia, 318 
Calcium 
metabolism of, during administra- 
tion of corticosterone in 
rheumatoid arthritis, 772 
in potassium depletion due to laxa- 
tives, 265 
and thromboplastin inhibitor in 
serum, 385-386, 387-388 
tolerance test, in bone disease, 584 
in urine 
during globin administration, 968 
after pitressin, 875 
Calcium pantothenate, 
thenia gravis, 609 
Caloric balance and dietary pro- 
tein, 188 
Cancer 
anemia of, 560 
prostatic, serum acid phosphatase 
in, 1934-1043 
See also Carcinoma 
Capillary 
blood viscosity in, 296, 297 
permeability of, in hemorrhagic 
shock, 612 
pulmonary, pressure in, in emphy- 
sema, 132-133 
Carbohydrate 
and fructose metabolism, 591 
and glucose metabolism, 59] 
and insulin, in diabetic ketosis, 599 
metabolism of 
and stress adrenal cortex, 781- 


for myas- 


and thyroid hormone, 207 
and potassium metabolism, 19-21 
tolerance, during administration of 
corticosterone in rheumatoid 
arthritis, 773 
Carbon, radioactive, in glycine, 1-4, 
554 
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Carbon dioxide 
arterial 
at high altitude, 495 
in pulmonary emphysema, 134 
in blood 
in blood vieasith) 296 
of children, 825, 827-829 
in cyanotic commuatel heart dis- 
ease, 833-846 
during crying, 831 
in emphysema, 133-135 
in hyperthyroidism, 203 
after /-nor-epinephrine, 230 
in orthostatic hypotension, 558 
in polycythemia vera, 56, 58 
in pulmonary emphysema, 135 
after “6063” in respiratory aci- 
dosis, 623, 627, 628 
and_ cerebral circulation, 34-37, 
696-702 
cerebral 
after priscoline, 127 
in pulmonary emphysema, 723- 
27 


lobar alveolar, effect of body posi- 
tion on concentration of, 
617-621 
narcosis due to, 585 
in orthostatic hypotension, 558 
in solution in colon, 446-447 
tension, and bicarbonate reabsorp- 
tion, 972-977 
in urine, after “6063” in respira- 
tory acidosis, 623, 627 
Carbonic anhydrase 
inhibitor of 
acid-base equilibrium after, 592 
electrolyte metabolism after, 592 
in respiratory acidosis, 622-628 
Carboxyhemoglobin, in filter paper 
electrophoresis of hemoglo- 
bin, 1072 
Carcinoma 
adrenal, urinary 17-ketosteroid 
after cortisone in, 449-451 
of bile ducts, serum cholinesterase 
in, 469 
of breast, ovarian function in, 594 
of head of pancreas, serum cholin- 
esterase in, 469 
of lung, cationic dete rgent assay of 
serum proteins in, 671 
metastatic to liver, serum cinna- 
mate in, 715 
See also Cancer 
Cardiac index, in emphysema, 133, 
135 


Cardiac output 
after = soline in pregnancy, 925, 
92° 
in deine of liver, 550 
during cold pressor test, 559 
in emphysema, 133 
after hexamethonium, 1287, 1290 
after leg tourniquet, 1163-1169 
measurement of, by direct Fick 
method 
vs. ballistocardiograph, 5-13 
without gas analysis, 161-170 
in mitral valvular disease, 588 
in patients with arteriovenous 
fistula, 543-546 
at rest in Laennec’s 
1025-1032 
after venal caval congestion, 1160 


cirrhosis, 
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Carditis, rheumatic, prevention of 
cardiac abnormalities in, 572 
Castaneda test, for Brucella agglu- 
tinin, 99-100, 104 
Catechol amine, release of, in pos- 
tural hypotension, 1065-1069 
Catheter, intracardiac, for producing 
increased vernal caval pres- 
sure, 1140-1161 
Catheterization, cardiac, and local- 
ization of cardiac defects by 
dilution curves after injec- 
tion of T-1824, 613 
Cation 
cellular, in respiratory alkalosis, 
604 
in urine, 
575 
Cell, fate of digitoxin in, 568 
Cell membrane, permeability of, to 
inhibitor of desoxyribonu- 
clease, 195-196 
Central nervous system, in collagen 
disease, 583 
Centrifugation agglutination test, 
for Brucella agglutinin, 101- 
102, 105 
Cerebrospinal fluid 
pressure of, and renal 
847-849 
streptokinase-streptodornase 
in subarachnoid space, 391 
392 
Cerebrum 
blood flow in, 33-37 
and ACTH, 372-379 
and adrenal medullary hormones, 
226-232 
and aging, 459-465 
and arteriosclerosis, 459-465 
after carbon dioxide inhalation, 
696-702 
and cerebral oxygen 
tion, 696-702 
in cerebral vascular disease, 574 
and cortisone, 372-379 
in Cushing’s syndrome, 375 
and hypertension, 459-465, 655 
660 
in hyperthyroidism, 202-207 
after 1-hydrazinophthalazine in 
hypertension, 655-660 
and oxygen consumption, 696 
702 
in pernicious anemia, 598 
in postural hypotension, 568 
in pulmonary emphysema, 720 
727 


“ 


in chloride deficiency, 


function, 


after 


consump- 


circulation in, and priscoline, 125 
128 


“ 


metabolism in, in cerebral vascular 
disease, 574 
vascular resistance i 
Ceruloplasmin, 405 
Cetab, in assay of serum protein, 
666 
Cetyl dimethyl benzyl ammonium 
chloride, in assay of serum 
protein, 666 
Cetyl trimethyl ammonium chlo- 
ride, in assay of serum pro- 
tein, 666 
Cetylon, in assay of serum protein, 
666 


n, 33-37 
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Child 
alterations of fluid in, 1013-1022 
hemoglobin in, 829 
nephrotic, renal cellular electrolyte 
transport in, 590 
oxyhemoglobin in, with cyanotic 
conge nital heart disease, 843 
serum chloride in, 833 
Chloramphenicol, 565 
Chloride 
in blood, after “6063” in respira- 
tory acidosis, 623 
effect of corticotropin on, in rheu- 
matic disease, 879-883 
deficiency of, urinary cation excre- 
tion in, 575 
excretion of 
and arteriovenous fistula, 236 
in diabetic ketosis, 1216 
and diuresis after water loading, 
396-402 
after hyperoncotic albumin, 283 
291 


intracranial pressure-vol- 
848-849 


after 
ume change, 


effects of magnesium sulfate on, 
858-861 
phenylbutazone in 
1126, 1131 
after pitressin, 611, 868-877, 934, 
937 


after gout, 


in pregnancy, 49 
in renal insufficiency, 69-70 
after “26S" in respiratory aci- 
dosis, 623 
after vena caval congestion, 
1151, 1155, 1156, 1158 
after water diuresis in liver dis- 
ease, 425 
metabolism of, during administra- 
tion of corticosterone in 
rheumatoid arthritis, 772 
in muscle, in hypokalemic alkalotic 
rat, 539 
in plasma, in hypokalemic alkalotic 
rat, 539 
in potassium depletion due to laxa 
tives, 264, <6: 
radioactive, and extracellular fluid 
volume, 483-488 
radiochromic, in measurement of 
plasma volume, 991-995 
salivary concentration gradients 
for, 1077-1083 
in serum 
of child, 833 
in cyanotic congenital heart dis- 
ease, 839-840 
after hepatic and cardiac disease, 
934, 937 
in solution in colon, 444-448 
space, 483-488 
in measurement of extracellular 
fluid, 1299-1308 
in sweat, 738-739, 742-744 
transfer of, in adrenal insufh 
ciency, 1238, 1241-1244 
See also Electrolyte 
Chloroform, inactivation of proteo- 
lytic enzyme in plasma, 478 
Cholate and cholesterol, in nephro- 
sis, 121 
Choledocholithiasis, serum cholines- 
terase in, 469 


SUBJECT 


INDEX 


Cholesterol 
in blood, 644 
and cholate, in nephrosis, 121-123 
esterifying enzyme in, in liver dis- 
ease, 801-806 
in lymph, 644 
metabolism of, in 
1248-1252 
plasma lipid after feeding with, in 
rabbit treated with cortisone 
and hydrocortisone, 550 
antimicrobial agent in in- 
testinal degradation of, 1117- 
1120 
Cholinesterase, in serum 
in biliary tract disease, 469 
colorimetric determination of, 466 
47] 
hepatic synthesis of, 469-470 
Chondrococcus columnaris, in di- 
gestion of collagen, 1319 
Chromate, sodium, in determination 
of red cell mass and plasma 
volume, 1000-1004 
Chromatogram, paper, for Brucella 
antibody, 102-103, 105 
Chromic chloride, radioactive, in 
determination of plasma vol- 
lume, 991-995, 1000-1004 
Chromium 
as erythrocyte tagging agent, 563 
radioactive 
as biological tracer, 57] 
in determination of erythrocyte 
mass, 1260-1276 
in determination of erythrocyte 
survival, 1260-1276 
in determination of plasma vol- 
ume, 991-995, 1000-1004 
Chromium sesquioxide, as indicator 
in study of intestinal absorp 
tion, 606 
Chymotrypsin, in inhibition of des- 
oxyribonuclease, 195 
Cinnamic acid, for evaluation of 
liver function, 711-718 
Circulation. See Blood, flow of 
Cirrhosis 
biliary, serum peptidase 
in, 677-679 
hepatic. See Liver, cirrhosis of 
Cisterna magna, streptokinase-strep- 
todornase in, 391-393 
Citrate, and “L. E. cell” phenome- 
non, 199 
Clostridium 
in digestion of collagen, 1317-1319, 
1324-1326 
histolyticum, collagenase and pro- 
teinase from, 1324-1326 
Coagulation 
in activation of protein enzyme in 
plasma, 477-478 
and fibrinolysis, 604 
intravascular, 650-653 
Coccus, in digestion of 
1318 
Cold pressor test, 
during, 559 
Collagen 
bacterial digestion of, 1317-1319, 
324-1326 
relation of, to fibrinoid, 


erythrocyte, 


Choline, 


activity 


collagen, 


cardiac output 


1253-1259 
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Collagen disease 
blood copper in, 336 
central nervous system in, 583 
Colon, ionic composition of fluid in, 
444-448 


Coma, hepatic 
antibiotics in, 1126 
biochemical abnormalities in, 602 
Commissurotomy, mitral, pulmon- 
ary function after, 521, 1094- 
1096 
Complement, serum, in 
syndrome, 581 
Compound E, and renal tubular re- 
absorption, 613 
Compound F 
and creatinine clearance, 815 
and renal tubular reabsorption, 613 
and synovial inflammation, 480- 


nephrotic 


Connective tissue, in maintenance of 
extracellular fluid composi- 
tion, 583 
Consciousness, and cerebral oxygen 
consumption, 464 
Convertin, in activation of pro- 
thrombin, 918 
Coombs’ tes: for Brucella aggluti- 
nin, 1U3-102, 104-105 
Copper 
in blood, 322-327, 405-413 
in disease, 329-338 
during menstruation, 
326-32 27 
in pregnancy, 329, 331 
metabolism of, 405-413 
in plasma, 406-413 
in disease, 329-338 
in red blood cell, 408-412 
Coronary artery, fibrinoid necrosis 
of, in streptococcus-infected 
rabbits, 562 
Corticoid 
adrenal, and poet hemodynamics, 
3-8 


324-325, 


sodium-retaining, in human urine, 
585 
urinary formaldehydogenic, 
Corticotropin 
effect of 
on body water in rheumatic dis- 
ease, 879-883 
on electrolytes in rheumatic dis- 
ease, 879-883 
for leukemia, blood copper after, 
333 


60-66 


potassium salt in prevention of so- 
dium retention due to, 1197- 
1207 
See also Adrenocorticotrophic hor- 
mone 
Corticosteroid, excretion of, after 
pitressin administration, 887- 
888 
Corticosterone, in rheumatoid ar- 
thritis, 769-773 
Cortisone 
and antibody response in leukemia, 
319, 320 
and cerebral blood flow, 372-379 
and fluid distribution in adrenal 
insufficiency, 1243 
glucose- insulin tolerance after, 784— 
790 





glucose tolerance after, 783-790 
insulin tolerance after, 785-790 
leukocyte glycogen after, 254, 256 
metabolism of in the synovial 
cavity, 614 
plasma lipid in cholesterol-fed rab- 
bit treated with, 550 
potassium salt in prevention of so- 
dium retention due to, 1197- 
207 
and 17-ketosteroid excretion 
in Cushing’s syndrome, 449-451 
in urine, 578 
steroid-induced gout in rheumatoid 
patients after, 553 
and therapeutic effect of antibiotics, 
578 
Cortisone acetate and desoxycorti- 
costerone acetate, in adren- 
alectomized sat, 1175-1179 
Cranium, pressure-volume changes 
in, and renal function, 847- 
849 
Creatinine 
clearance of 
and arteriovenous fistula, 234 
after compound F, 815 
after hyperoncotic albumin, 286 
during pitressin administration, 


after pitressin in hepatic and 
cardiac disease, 932, 935 
after right renal artery compres- 
sion, 814-815 
after water diuresis in liver dis- 
ease, 426, 
renal excretion of, and diuresis 
after water loading, 396-401 
Creatinuria 
in leukemia, 592 
in lymphoma, 592 
Cushing’s syndrome 
cerebral circulation in, 375 
formaldehydogenic corticoid in, 63 
5 


ID 
urinary 17-ketosteroids after corti- 

sone in, 449-451 

Cyanosis, due to congenital heart 
disease, blood gases in, 837- 
846 

Cystine, labelled, 610 

Cytoplasmic supernatant, inhibition 
of desoxyribonuclease by, 
194-195 


D 


Dead space, in mitral valvular dis- 
ease, 517-518 
Dehydration 
and electrolyte excretion after pi- 
tressin administration, 871- 
874 
salt solution for, 
dosis, 114 
Delirium tremens, magnesium defi- 
ciency in, 568 
Derr atomyositis 
blood copper in, 336 
serum polysaccharide in, 1210 
Desoxycorticosterone 
and cortisone acetate in adrenalec- 
tomized rat, 1175-1179 
and fluid distribution in adrenal in- 
sufficiency, 1243 


in diabetic aci- 


SUBJECT IN 


hypertension due to tissue electro- 
lytes in, 608 
and renal tubular reabsorption, 6/3 
Desoxyribonuclease 
crystalline pancreatic, 
Jf 


human, inhibition of, 193-197, 199- 
200 


intravenous, 


Detergent, cationic, in fractionation 
of serum proteins, 661-672 
Deuterium 
incorporation of, in 
cholesterol, 1250 
space, 1018 
Dextran, and plasma volume, 340 


erythrocyte 


Diabetes insipidus 
antidiuretic effect of hyperoncotic 
albumin in, 289 
hypertonic saline in, 607 
Diabetes mellitus 
acidosis in 
alarm reaction in, 587 
electrolyte in erythrocyte during, 
113-119 
insulin and added carbohydrate 
in, 599 
tissue electrolytes in, 580 
fructose in, 562 
for ketosis, 1214-1221 
metabolism of, 273-280 
glucose metabolism in, 273-280 
ketone body production, after in- 
jection of sodium acetate, 
584 
leukocytes in, 586 
glycogen in, 253-254 
metabolism of, 1171-1174 
metabolic studies in, 577 
potassium in, 15-21 
rapid intravenous glucose tolerance 
test in, 428-435 
resistance to infection in, 441-442 
serum polysaccharides in, 415-419 
Dialysis, acid-base changes during, 
729-735 
Diarrhea 
of infancy, — fluid alterations 
in, 1013-102 
potassium aaien due to, 258- 
270 
Dicumarol, in intravascular coagula- 
tion, 650-653 
Diet 


for infectious hepatitis, 559 

potassium-deficient, in hyperten- 
sion, 633-636 

protein in, and weight loss, 185 
191 


Digit, skin of, effect of position on 
oxygen tension of, 1097-1099 
Digitoxin 
in edema fluids, 1222-1224 
intracellular fate of, 569 
Diodrast, competition of, with para- 
amino-hippuric acid, 1184- 
1190 


Direct current, erythema due to ir- 
radiation produced by, 685- 
686 
Diuresis 
in hepatic and cardiac disease, 931- 
938 
after a albumin, 283 
9 
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and life situations, 602 
osmotic, 401 
in hydropenia with toxemia of 
pregnancy, 44-50 
in renal insufficiency, 76 
and pitressin in hepatic and cardiac 
disease, 931-938 
and posture, 594 
after saline ingestion, 807-811 
solute, after quiet standing, 242- 
249 
after water loading 
in liver disease, 422-427 
related to renal excretion of 
solutes, 394-402 
See also Pitressin 
DOCA, and renal tubular reabsorp- 
tion, 613 
See also Desoxycorticosterone 
Duodenum, ulcer of, electrophoretic 
patterns in gastric juice of, 
863, 865 
Dye, T-1824. See T-1824 dye 
Dye-elution technique, in filter 
paper electrophoresis of he- 
moglobin, 1073 
Dyspnea, in mitral valvular disease, 
520 
Dystrophy, muscular, inorganic 
phosphate in, 1061-1063 


E 
Eck fistula, episodic stupor due to, 


58. 7 
Eclampsia, renal function in, 44-50 
Edema, 931-938 
digitoxin in fluid of, 1222-1224 
excretion of solute in, 570 
nephrotic 
continuous ACTH for, 589 
renal cellular electrolyte trans 
port in, 590 
in pregnancy, 49 
pulmonary, and structure of lung 
membrane, 522 
Electricity, energy of, in myocar- 
dium, 581 
Electrocardiography 
in Laennec’s cirrhosis, 1030 
in myocardial disease, 595 
after oral hypertonic solutions fol- 
lowing gastrectomy, 597 
Electroencephalogram, in pulmon- 
ary emphysema, 725 
Electrolyte 
effect of adrenal cortex on distri 
bution of, 1236-1247 
in blood, after “6063” in respira- 
tory acidosis, 623, 627 
effect of corticotropin on, in rheu- 
matic disease, 879-883 
distribution of, in diarrhea of in- 
fancy, 1013-1022 
in erythrocyte, during diabetic aci- 
dosis, 113 119 
excretion of 
and arteriovenous fistula, 235 
239 
effects of magnesium sulfate on, 
858-861 
after enhanced sodium reabsorp- 
tion, 613 
after oral hexamethonium, 1135 
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Electrolyte (Cont'd) 
in renal insufficiency, 68-78 
after venous congestion of limbs, 
1101-1115 
effect of exogenous adrenal steroid 
on, after pitressin admini 
tration, 888-889 ’ 
in hepatic coma, 602 
in muscle 
in hypokalemic 
539-541 
in maintenance of extracellular 
fluid composition, 583 
in plasma 
in hypokalemic alkalotic ra‘, 539 
541 


alkalotic rat, 


after oral hypertonic solutions 
following gastrectomy, 597 
in potassium depletion due to laxa 
tives, 264-266 
redistribution of, in adrenal corti 
cal insufficiency, 574 
renal cellular, in nephrotic syn 
drome tm child, 59V 
renal excretion of 
and diuresis after water loading, 
394-402 
after splanchnicectomy, 589 
response of, to hypertonic saline in 
diabetes insipidus, 607 
in saliva, 569 
in serum 
in cyanotic congenital heart dis 
ease, 839-840 
after pitressin in hepatic and 
cardiac disease, 934, 937 
space, 483-488 
in sweat, 736-744 
in tissue, in renal hypertension, 608 
in urine 
in diabetic ketosis, 1215 
after hyperoncotic albumin, 283 
291 
after phenylbutazone in 
1126, 1131 
after pitressin, 868-877 
after pitressin in hepatic and 
cardiac disease, 934, 937 
after pitressin in non-edematous 
patients, 61] 
effect of potassium on, 1197-1207 
in pregnancy, 46, 49 
after quiet standing, 242-249 
after “6063” in respiratory aci 
dosis, 623, 626-628 
after vena caval congestion, 
1145-1161 
after water diuresis in liver dis- 
ease, 425 
and water retention, 868-877 
See also hloride ; Potassium; So 
dium 
Electron microscope, in study of 
erythrocyte ultrastructure 
membrane, ¢79-990 
Electrophoresis 
vs. cationic detergent in assay of 
serum protein, 667-669 
filter paper, human hemoglobin, 
1070-1075 
in gastric juice analysis, 862-867 
in saliva analysis, 863 
Emotion 
and antidiuresis, 289 
and renal function, 1112-1113 


gout, 
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Emphysema 
chronic pulmonary effect of me- 
chanical exsufflation on res- 
piratory gas exchange in, 
1192-1196 
pulmonary 
cerebral circulation 
and hypertension, 132, 13 
at rest, 130-136 
ventilation in, 570 
Empyema 
blood copper in, 332 
Endocarditis, bacterial, blood cop 
per in, 332 
Endothelium, permeability of, 601 
Energy, electrical, of myocardium, 
581 
Enzyme 
bacterial, in digestion of collagen, 
1317-1319, 1324-1326 
carbonic anhydrase inhibitor in 
respiratory acidosis, 622 
cholesterol-esteritying, in liver dis 
ease, 801-806 
copper-containing, 412-413 
in hydrolysis for measurement of 
urinary formaldehydogenic 
corticoid, 60-66 
in inhibition of desoxyribonuclease, 
195 
peptidase in serum, 674-679 
proteolytic 
in plasma, 473-479 
in serum, 477 
Eosinophil, and stress, 58/ 
Epinephrine 
action of, after apresoline in preg 
nancy, 926, 929 
and cerebral blood flow, 226-232 
hypersensitivity to, after sympa- 
thectomy, 851-856 
vs. nor-epinephrine, 231 
release of, in postural hypotension, 
1065-1069 
Erythema, ultraviolet 
of human skin, 681-689 
spectrophotometric study of, 1053- 
1059 


Erythrocyte 

and adhesion-disappearance phe 
nomenon, 592 

and blood viscosity, 297 

cholesterol metabolism in, 1248 
1252 

chromium as tagging agent for, 
563 

coated with nonspecies 
bacterial products, 
hemolysin for, 596 

copper in, 322-327, 408-412 

in infection, 329-337 

electrolyte in, during diabetic aci 
dosis, 113-119 

electron microscopic study of ul- 
trastructures of, 979-990 

in hypokaliemia due to laxatives, 
266 

irradiated, 987 

Erythrocyte 
labeled 
with heavy nitrogen, 578 

modified, 983 

phosphorus in, 499-500, 503, 508, 
509 


specific 
serum 


for measurement of plasma vol- 
ume, 111 
with radiochromate, 571 
with radiophosphorus, 2 
life span of, 1250 
in lymph, 641, 648 
mass of, radiochromium in deter- 
mination of, 1000-1004 
potassium exchange in, in sickle 
cell anemia, 608 
sedimentation rates, in rheumatoid 
arthritis and degenerative 
joint disease, 1212 
sensitized, 987 
stored, 987 
survival of 
measured by chromium tagging, 
1260-1276 
measured by selective agglutina- 
tion, 1265-1266 
after transfusion, 576 
tannic acid treated, in demonstra- 
tion of type specific anti- 
body, 1085-1092 
transfused 
compatible, destruction of, 607 
in thalassemia major, 1229-1233 
trypinized, 985 
volume of, body/venous hematocrit 
ratio in measurement of, 
1309-1317 
water in, in diabetic acidosis, 118 
119 
Erythromycin, for pneumococcal 
pneumonia, 557 
Erythropoiesis, in hemolytic anemia, 
567 
Escherichia coli, respiration of, af- 
ter streptomycin, 593 
Ester, cholesterol, in liver disease, 
801-806 
Estrogen 
and protein bound iodine of serum, 
565 
therapy with, and serum acid phos- 
phatase in prostatic cancer, 
1039 
Euthyroidism, radioiodine metabo- 
lism in, after thyroid stimu- 
lating hormone, 149-159 
Evans blue dye. See T-1824 dye 
Exercise 
arterial saturation after, 831 
in congestive heart failure, 579 
effects of, on cerebral metabolic 
functicns, 724 
and respiratory gas values, at high 
altitude, 491, 495 
Exercise minute ventilation and 
gas exchange, at high alti- 
tude, 491, 495 
Exercise tolerance test, 495 
Exsufflation, and respiratory gas ex- 
change, 1192-1196 
Extracellular fluid 
and diuresis, 401-402 
maintenance of composition of, 583 


F 


Fasting, and leukocyte glycogen, 253 

Fatty acid, in liver, and hepatic 
lipids, 221 

Feces, carbon-14 excretion in, 2 





Fibrin 
as substrate for proteolytic enzyme 
of plasma, 473-479 
width of strand of, and platelet 
concentration, 571 
Fibrinogen, as substrate for pro- 
teolytic enzyme of plasma, 
473-479 
Fibrinoid, composition of, in rheu- 
matoid arthritis, 1253-1259 
Fibrinolysin, substrates for, 473-479 
Fibrinolysis, and coagulation, 6(4 
Fibrosis, pulmonary, cerebral metab- 
olism in, 725 
Fick method 
vs. ballistocardiograph, in measure- 
ment of cardiac output, 5- 
13, 559 
direct, without gas analysis, in de- 
termination of cardiac out- 
put, 161-170 
direct vs. indirect, in renal blood 
flow measurement, 1180- 
1183 
Filter paper electrophoresis, of he- 
moglobin, 1070-1075 
Filtration, glomerular 
and arteriovenous fistula, 237-238 
after hexamethonium, 174-183, 
1293 
after leg tourniquet, 1167, 1169 
after phenylbutazone in gout, 1126, 
1131 


after protoveratrine, 81, 86 
after quiet standing, 245 
after sodium deprivation in renal 
insufficiency, 72-74, 76 
after. vena caval congestion, 1151, 
1155, 1156 
after venous congestion of limbs, 
1114 
Fistula 
arteriovenous 
and blood pressure, 234 
cardiodynamics of, 543-546 
and renal hemodynamics, 233- 
239 


Eck, episodic stupor due to, 587 
Fluid 
ascitic 
iodo-albumin 
756 
and plasma protein exchange, 553 
change in ionic composition of, in 
colon, 444-448 
of edema, digitoxin in, 1222-1224 
extracellular 
and diuresis, 401-402 
in hypertension, 312-316 
maintenance of composition of, 
583 
measurement of, 1299-1308 
radiosulfate in measurement of, 
299-309, 312-316 
peritoneal, agglutination of granu- 
locytes in, 437 
synovial, after intra-articular hy- 
drocortisone, 480-482 
See also Water 
Folin method, in filter paper elec- 
trophoresis of hemoglobin, 
1072-1073 
Follicle stimulating hormone, from 
hog pituitary, in antihor- 
mone formation, 586 


transfer in, 755— 
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Fractionation, cationic detergent, of 
serum proteins, 661-672 
Fructose 
for diabetic ketosis, 562, 1214-1221 
diabetic leukocytes after, 586 
in Embden-Meyerhof scheme, 279- 
280 
and leukocyte metabolism, 1171 
1174 
metabolism of 
after carbohydrate deprivation, 
591 


in hepatic disease and diabetes 
mellitus, 273-280 
FSH, from hog pituitary, in anti- 
hormone formation, 586 


G 


Gamma globulin. See Globulin 
Ganglion, autonomic, hexamethio- 
nium-induced blockade of, 
182 
Gantrisin, in intestinal degradation 
of choline, 1117-1118 
Gas 
in blood, in children, 824-834 
lobar alveolar, effect of body posi- 
tion on concentration of, 
617-621 
Gas exchange 
and minute ventilation, at high al- 
titude, 491-495 
respiratory, effect of mechanical 
exsufflation on, 1192-1196 
Gastrectomy, oral hypertonic solu 
tions after, 597 
Gastric juice, electrophoretic analy- 
sis of, 862-867 
Gastrointestinal tract 
inulin in, 212 
neoplasia of, 600 
upper, effect of gastric acidity on 
absorption of iron from, 571 
Globin 
and liver, 30 
modified human, nutritive adequacy 
of, 899-907 
as protein supplement, 964-971 
Globulin 
8, metal-binding, in copper trans- 
portation, 410-412 
in blood, 644 
gamma 
half-life of, in hepatic cirrhosis, 
573 
radioiodine labeled, in cirrhosis 
of liver, 564 
turnover of, in cardiac failure, 


in lymph, 644 
in serum, cationic detergents in 
assay of, 661-672 
Glomerular filtration rate. 
tration 
Glomerulcnephritis 
acute 
and serological type of strepto- 
coccus, 348-355, 359-363 
after streptococcal infections, 606 
variations in incidence of, 345 
355 
vs. rheumatic fever, 362 


See Fil- 
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Glomerulus 
arteriolar resistance of, after pro- 
toveratrine, 
filtration of. See Filtration 
Glucosamine, in serum, 416 
Glucose 
in blood, 644 
cerebral 
and ACTH, 373, 377 
and cortisone, 373, 377 
and priscoline, 127 
diabetic leukocytes after, 586 
vs. fructose, in diabetic ketosis, 
? 
hepatic output of, after hexametho 
nium, 797 
hypertonic, after gastrectomy, 597 
intravenous, inorganic phosphate 
response to, in muscular 
dystrophy, 1061-1063 
and leukocyte metabolism, 1171 
1174 
in lymph, 644 
metabolism of 
after carbohydrate 
59] 
in hepatic disease and diabetes 
mellitus, 273-280 
uptake of, after 


593 


deprivation, 


muscle insulin, 
and plasma radiophosphate disap- 
pearance, 500 
and serum inulinoid blank, 212 
tolerance 
during. administration of corti- 
costerone in rheumatoid ar- 
thritis, 773 
after cortisone, 783-790 
in fatty liver, 565 
rapid intravenous, 428-435 
Glucose-insulin tolerance test, after 
cortisone, 784-790 
Glucuronic acid 
in inhibition of 8-glucuronidase, 60 
after intravenous cinnamate, 716, 
718 
Glucuronidase, beta, 60 
Glucuronide, urinary corticoid, hy- 
drolysis of, 60-66 
Glutamine, in hepatic coma, 602 
Glycine 
labeled with carbon-14 methylene, 


labeled with radio-carbon, 554 
nitrogen, for uric acid synthesis, 
5-777 
Glycogen 
in attraction of granulocyte, 441 
deposition of, in fatty liver, 565 
in human leukocytes, 251-256 
Glycogenesis, and potassium, 20 
Glycogenolysis, and potassium, 20 
Glycoside. See Digitoxin, 
Glycylglycine, serum hydrolysis of, 
674-679 
Glycylglycylglycine, serum hydroly- 
sis of, 674-679 
Glycyl-L-tyrosine, serum hydrolysis 
of, 674-679 
Gout 
glycine nitrogen for uric acid syn- 
thesis in, 775-777 
nitrogen for uric acid synthesis in, 


778-780 
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Gout (Cont'd) 
effect of phenylbutazone on renal 
clearance of urate in, 1121- 
1132 
renal clearance in, 
butazone, 6/5 
serum polysz ccharide in, 1210 
steroid induced, rheumatoid pa- 
tients A cortisone ther- 
apy, 553 
Granulocyte 
chemotactic behavior of, 434-442 
inhibition of serum desoxyribonu- 
clease by, 196, 200 
Graves’ disease, thyrotrophin in, 151 
Group A streptococcus, serological 
type of 
and acute glomerulonephritis, 348- 
355, 359-363 
and rheumatic fever, 354-355 


after phenyl- 


H 


H-agglutinin, after typhoid immun- 
ization, 693 
Hatschek’s formula, in determina- 
tion of blood viscosity, 293, 
296 
Heart 
abnormalities of, 
carditis, 572 
effect of aramine on, 560 
congestive failure of, 579 
antidiuretic hormone in, 931-938 
cyanotic congenital disease of, 
blood gases in, 837-846 
after hexamethonium, 572 
intracardiac catheter, for raising 
increased vena caval pres- 
sure, 1140-1161 
intracellular fate of digitoxin in, 
569 
metabolism of, 556 
output of. See Cardiac output 
pressure in, and arteriovenous fis- 
tula, 543-546 
rate of 
and arteriovenous fistula, 234 
after hexamethonium, 1287 
in Laennec’s cirrhosis, 1029 
rhythm of, controlled by external 
electric pacemaker, 614 
size of, in Laennec’s cirrhosis, 1029 
Heart disease 
congenital, polycythemia of, 56, 57 
sodium retention in, 566 
water retention in, 566 
Heart failure 
albumin turnover in, 552 
gamma globulin turnover in, 552 
Hemagglutination, with tannic acid, 
in demonstration of type 
specific streptococcal anti- 
body, 1085-1092 
Hematocrit 
and blood viscosity, 293, 296-297 
body/venous ratio, 1309-1316 
after globin administration, 965 
Hemochromatosis, blood copper in, 
334 
Hemodialysis 
acid-base changes during, 729-735 
in barbiturate poisoning, 364-371 


after rheumatic 
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Hemodilution, and tonicity of in- 
travenous saline, 34 
Hemoglobin 
C, 1277-1284 
in children, 829 
concentration of, in hyperthyroid- 
ism, ’203, 205, 206 
paper electrophoresis of, 
1070-1075 
infused, in anemia, 603 
in polycythemia vera, 55, 57 
radiocarbon in, 5: 
sickle cell, 1277-1284 
Hemolysin, in scrum, for erythro- 
cytes coated with nonspecies 
specific bacterial products, 
596 
Hemolysis 
differential, in study of survival of 
transfused erythrocytes, 576 
inhibition of, in study of hyper- 


filter 


lipemia, 607 
in primaquine-sensitive Negro, 609 
of stored blood, 1007-1011 
Hemolytic anemia, 
1233 


567, 1073, 1229- 


Hemolytic disease, hereditary non- 
spherocytic, 591 
Hemolytic test, for tuberculosis, 590 
Hemorrhage 
due to deficiency of plasma throm- 
boplastin factors, 
dextran after, 341, 342 
dual hemostatic defect in pseudo- 
hemophilia, 551 
and hepatic blood flow, 573 
shock due to, blood flow and trans- 
capillary exchange in, 612 
and splanchnic oxygen consump- 
tion, 573 
Hemostasis, dual defect of, in 
pseudohemophilia, 551 
Heparin 
in intravascular coagulation, 650- 


and serum lipids, 566 
Heparinoid, synthetic, and 
lipids, 566 

Hepatitis 
acute, plasma lipoprotein in, 564 
acute infectious, serum peptidase 
activity in, 677-679 
acute viral, colorimetric determi- 
nation of serum cholinester- 
ase in, 466—471 
and cholesterol-esterifying enzyme 
in serum, 801-803, 805-806 
fructose metabolism in, 273-280 
glucose metabolism in, 273-280 
infectious 
bed rest for, 559 
diet for, 559 
serum cinnamate in, 717 
after use of pooled plasma, 601 
Hepatolenticular degeneration, 
blood copper in, 336 
Heredity 
of hemoglobin C, 1277-1284 
hypercholesterolemia, 611 
Heterophile agglutination test, 614 
Hexamethonium 
hemodynamic alterations due to, in 
hypertension, 569 
hemodynamic effects of, 1285-1298 
in hypertension, 572, 1133-1139 


serum 


Hexamethonium bromide, and 
splanchnic blood flow, 793- 
799, 1292 
Hexamethonium chloride, and renal 
function, 172-183 
Hexose 
and leukocyte metabolism, 
1173 
in serum, in diabetic ketosis, 1215 
High ee blood values at, 840- 
842, 844 
Hippuric acid 
conversion of cinnamic acid to, 714 
synthesis of, 554 
Histamine, epinephrine excretion 
after, in postural hypoten- 
sion, 1068 
Hodgkin’s disease 
antibody response in, 319 
blood copper in, 334 
blood flow in marrow in, 957 
and cholesterol-esterifying enzyme 
in serum, 804 
Hormone 
adrenal cortical, 
of, 703-709 
adrenal medullary, “i 
blood flow, 226-23 
adrenocorticot rophic. See 
nocorticotrophic 
Corticotropin 
antidiuretic 
due to emotional stimulus, 289 
in hepatic and cardiac disease, 
931-938 
after nicotine intake, 422-427 
in water diuresis and solute ex- 
cretion, 401-402 
follicle-stimulating, in a 
formation, 586 
thyroid, 149-159 
exchangeable pool of, 453-457 
synthesis of, 577 
utilization of, 558 
See also Thyroxine 
thyroid stimulating, and_ radio- 
iodine metabolism, 149-159 
Huddleson test, for Brucella agglu- 
tinin, 98-99, 104 
Hyaiuronic acid, in joint fluid, after 
hydrocortisone, 480-482 
Hydration, and electrolyte excretion 
after pitressin administra- 
tion, 871-874 
Hydrazinophthalazine 
and cerebral blood flow in hyper- 
tension, 655-660 
chemical observations on, 595 
hemodynamic alterations due to, in 
hypertension, 569 
and hepatic blood flow in dog, 586 
l-, in hypertension, 572 
in pregnancy, 922-929 
Hydrocortisone 
and fluid distribution in adrenal in- 
sufficiency, 1243 
metabolism of, in synovial cavity, 
614 
plasma lipid in cholesterol-fed rab- 
bit treated with, 550 
and synovial inflammation, 480-482 
Hydrogen ion, in hypokalemic al- 
kalosis, 540-541 


1172- 


direct estimation 
cerebral 


Adre- 


hormone ; 





Hydrolysis, enzymatic, for measure- 
ment of urinary formalde- 
hydogenic corticoids, 60-66 

Hydropenia, osmotic diuresis in, 


with toxemia of pregnancy, 
44-50 
Hydroxycorticosteroid 
in blood, 818-822 
in stress, 608 
a. me in fibrinoid, 
12 


1254, 
Hypercapnia, in emphysema, 133-135 
Hypercholatemia, 121-123 
Hypercholesterolemia 
heredity of, 611 
in serum cholate, 121 
Hypercorticoidism, 65 
Hypercorticoiduria, 65 
Hypercupremia, in infection, 332 
Hyperlipemia, hemolysis inhibition 
in study of, 607 
Hypertension 
arterial, hepatocellular dysfunction 
in, 561 
blood pressure in, 
—— 


hexa- 
176-178, 


after 
173, 


18 
and samen blood flow, 459-465 
metabolism in cerebral vascular 
disease in, 574 
after hydrazinophthalazine, 655- 
660 
and cerebral oxygen consumption, 
462-464 
cerebrovascular resistance in, 700- 


DCA, tissue electrolytes in, 608 
essential, 556 
apresoline in pregnancy with, 
924 
carbon dioxide as cerebral vaso- 
dilator in, 701 
extracellular fluid volume in, 312- 
316 
formaldehydogenic corticoid in, 63, 
65 
glomerular filtration rate in, after 
hexamethonium, 176 
hexamethonium in, 572 
hydrazinophthalazine in, 572 
muscle blood flow in, after hexa- 
methonium, 1290-1291 
and nore pinephrine, 226, 230 
potassium-deficient diet in, 633-636 
protein diet in, 185-191 
pulmonary, 130-136 
in emphysema, 132, 134, 135 
renal, tissue electrolytes in, 608 
renal function in, after hexametho- 
nium, 1133-1139 
and effect of venous congestion of 
limbs upon renal function, 
1110, 1112, 1113, 1114 
Hyperthyroidism 
blood copper in, 335 
cerebral blood fiow in, 202-207 
oxygen consumption in, 202-207 
radioiodine metabolism in, after 
thyroid stimulating —_ hor- 
mone, 149-159 
Hyperventilation 
during crying, 831 
in cyanotic congenital heart dis- 
ease, 844 
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after norepinephrine, 230 
in orthostatic hypotension, 558 
after priscoline, 127 
Hypocapnia, in orthostatic hypoten- 
sion, 558 
Hypoglycemia, due to 
postural hypotension, 
1069 
Hypokaliemia, 
979 


25 


insulin in 
1068, 
due to laxatives, 
Hypotension 
due to hexamethonium, 1285-1298 
orthostatic, hyperventilation- in- 
duced hypocapnia in, 558 
postural 
cerebral hemodynamics in, 568 
epinephrine in, ig 1069 
nor-epinephrine in, 1065-1069 
eee: seg an and renal 
function, 80-88 
Hypothyroidism, blood copper in, 
336 


I 


Index, cardiac, in emphysema, 133, 
135 
Infant. See Child 
Infection 
blood copper in, 329-333 
neutrophilic leukocytosis of, 255 
streptococcal, immune response in, 
630-6 
Inflammation 
serum complement as indication of, 
568 


synovial, hydrocortisone in, 480 
Influenza, antibody response of 
rheumatics to immunization 
against, 692 
Insufficiency, of mitral 
stenosis, 595 
Insulin 
and added carbohydrate in diabetic 
ketosis, 599 
diabetic leukocytes after, 586 
epinephrine excretion after, in 
postural hypotension, 1067- 
1069 
exogenous, and urinary excretion 
of sugar and nitrogen in 
diabetes mellitus, 577 
and fructose 
for diabetic ketosis, 1214-1221 
metabolism of, 276, 279 
and glucose 276, 279 
muscle uptake, 593 
and leukocyte metabolism, 
1174 


valve vs. 


1171- 


nor-epinephrine excretion after, in 
postural hypotension, 1067- 
1069 
and plasma radiophosphate disap- 
pearance, 5 
Insulin tolerance test, after corti- 
sone, 784-790 
Intestinal tract 
antimicrobial agents in degradation 
of choline in, 1117-1120 
indicator method for study of ab- 
sorption from, 606 
Isoantibody, in destruction of trans- 
fused incompatible erythro- 
cytes, 607 


Inulin, 75-76 
clearance of, 90-94 
and arteriovenous fistula, 234 
during pitressin administration, 


/ 
after sodium deprivation in renal 
insufficiency, 72-73 
after venous congestion of limbs, 
114 
plasma concentration of, 90-94 
space, 1013-1022 
in adrenal insufficiency, 
1238-1244 
in anurea, 209-213 
compared with — simultaneous 
radiosulfate space, 307 
in measurement of extracellular 
fluid, 1299-1308 
Iodide, salivary concentration gradi- 
ents for, 1077-1083 


1237, 


Iodine 
number, of fatty acids in liver, 221 
protein-bound 
estrogen influence on, 565 
in thyroid disease, 149-159 
radioactive 
albumin tagged 
746-767 
in blood flow in bone 
952-962 
globin tagged with, 2 22-31 
in human serum albumin, 
45 
for measurement of plasma vol- 
ume, 107-112 
salivary concentration 
for, 1077-1083 
thyroid stimulating 
mone, 149-159 
in study of thyroidal function, 
577 


with, 29, 601, 


marrow, 


138 


gradients 


and hor 


thyroxine labeled with, 596 
triiodothyronine labeled with, 
urinary excretion of, in thyroid 
disease, 153 
in serum, 565 
and utilization of thyroid hor- 
mone, 558 
Iron 
absorption of, in anemia, 1225-1228 
effect of gastric acidity on absorp- 
tion of, 571 
in plasma, in disease, 331-337 
Iron deficiency anemia, filter paper 
electrophoresis of hemoglo- 
bin in, 1073 
Irradiation, ultraviolet, ythematous 
response of human skin to, 
681-689 
Isoleucine, in globin, 900-901 
Isosthenuria, in potassium 
tion, 269 


J 
Jaundice 

colorimetric determination of serum 
cholinesterase in, 468-471 

due to obstructing neoplasm, 
and cholesterol-esterifying 
enzyme in serum, 804, 805 

obstructive, serum peptidase ac- 


tivity in, 677-679 


deple- 
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Joint 
hydrocortisone for synovial inflam- 
mation, 480 
metabolism of cortisone in, 614 
serum polysaccharide in degenera- 
tive disease of, 1208-1213 


K 


Keto glutaric acid, alpha 
after fructose infusion, 277-2 
279-280 
glucose infusion, 277 
279-280 
Ketone 
production of, after injection of so 
dium acetate, 584 
splanchnic, and intravenous sodium 
octanoate, 610 
Ketosis, diabetic 
fructose for, 562, 1214-1221 
insulin with added carbohydrate in, 
599 
Ketosteroid 
alpha, excretion pattern of, 940 
948 


after 


excretion of, during administration 
of corticosterone in rheuma- 
toid arthritis, 773 
in urine 
after cortisone, 578 
after cortisone in Cushing’s syn 
drome, 449-451 
Kidney 
adjustment of, to acidifying salt 
after sodium depletion, 6/2 
artificial 
acid-base changes during use of, 
729-735 
in barbiturate poisoning, 364-371 
bicarbonate reabsorption by, and 
carbon dioxide tension, 972 
977 
blood flow through 
after hexamethonium, 1289, 1293 
nitrous oxide vs. para-amino- 
hippurate method in meas- 
urement of, 1180-1183 
after phenylbutazone in 
1126, 1131 
cellular electrolyte transport sys- 
tems in, 590 
diodrast excretion by, 1184 
electrolyte excretion by 
after splanchnicectomy, 589 
after vena caval congestion, 
1145-1161 
function of 
after acute renal failure, 567 
in diarrhea of infancy, 1013-1022 
after hexamethonium in hyper- 
tension, 1133-1139, 1293 
effect of intracranial pressure- 
volume change on, 847-849 
and leg tourniquets, 1163-1169 
and life situations, 602 
effects of magnesium sulfate on, 
858-861 
after phenylbutazone in gout, 605 
during pitressin administration, 
874 


gout, 


effect of position on, 582 
in potassium depletion due to 
laxatives, 268-269 


SUBJECT INDEX TO VOLUME XXXII 


in potassium repletion for hy- 
pokaliemia, 266-267, 269 
and venous congestion of limbs, 
1101-1115 
hemodynamics of 
and renal excretion of adrenal 
corticoids, 813-817 
after arteriovenous fistula, 233- 
239 
and hexamethonium, 172-183 
after hydrazinophthalazine, 572 
hypertensive, after intravenous hy- 
drazinophthalazine, 561 
hypokalemic alkalosis in nephrec- 
tomized rats, 538-541 
insufficiency of 
and chloride excretion, 69-70 
and electrolyte excretion, 69-72, 
76-77 
and potassium excretion, 69-71 
and sodium deprivation, 68~78 
and water excretion, 69, 76-77 
para-amino-hippurate excretion by, 
1184 


effect of phenylbutazone on urate 
clearance by, 1121-1132 
plasma flow in 
after hexamethonium, 1293 
after protoveratrine, 81-86, 88 
after salt deprivation, 76 
in pregnancy, 44-50 
and protoveratrine, 80-88 
response of 
to antidiuretic hormone, in renal 
disease, 611 
to hypertonic saline in diabetes 
insipidus, 607 
solute excretion by 
and diuresis after water loading, 
394-402 
after quiet standing, 242-249 
water excretion by, after vena 
caval congestion, 1145-1161 
Korotkoff sounds, 598 


L 


Lactic acid 
arterial concentration of, 
hexamethonium, 797 
fructose infusion, 277-278, 
279-280 
glucose 277-278, 
279-280 
in serum, in cyanotic congenital 
heart disease, 839 
Laennec’s cirrhosis, cardiac output 
at rest in, 1025-1032 
Lanatoside C, hemodynamic effects 
of, 563 
Laxative, chronic potassium deple- 
tion due to, 258-270 
L. E. cell 
production of, in normal individ- 
uals, 558 
varying susceptibility of leukocyte 
to, 559 
Leucylglycine, serum hydrolysis of, 
674-679 
Leukemia 
anomalous serum protein in, 600 
antibody response in, 317-320 
blastic, 255 
blood copper in, 333-334 
blood flow in marrow in, 957-962 


after 
after 


after infusion, 


chronic lymphocytic, 
glycogen in, 255, 
chronic myelocytic, leukocyte gly- 
cogen in, 255, 256 
creatinuria in, 592 
erythrocyte ultrastructures in, 983 
leukocyte in, utilization of radio- 
active cystine by, 610 
leukocyte glycogen in, 255-256 
leukocyte phosphorus turnover in, 
553 


leukocyte 
56 


6-mercaptopurine for, 557 
thoracic duct lymph in, 638-649 
Leukocyte 
abnormal, immunologic mechan- 
isms of, 567 
alkaline phosphatase in, 256 
in blood, 642-644 
in diabetes mellitus, 586 
glycogen in, 251-256 
leukemic 
phosphorus turnover in, 553 
utilization of radioactive cystine 


y, 610 
metabolism of, 1171-1174 
effect of saccharides on movement 
of, 436-442 
in spinal fluid after streptokinase- 
streptodornase solutions in 
subarachnoid space, 391-392 
susceptibility of, to “L.E. cell” 
transformation, 197 
in thoracic duct lymph, 641-644 
varying susceptibility of, to L. E. 
phenomenon, 559 
See also White blood cell 
Leukocytosis, neutrophilic, 
cyte glycogen in, 255 
Light, ultraviolet, erythematous re- 
sponse of human skin to, 
681-689 
venous congestion of, and 
renal function, 1101-1115 


leuko- 


Limb, 
Lipid 


in liver, needle biopsy in estimation 
of, 214-224 
in plasma 
in acute hepatitis, 564 
in cholesterol-fed rabbit treated 
with cortisone and hydro- 
cortisone, 550 
in serum 
effect of heparin in, 566 
effect of synthetic heparinoid on, 
566 
Lipoprotein, in plasma, in 
hepatitis, 564 


acute 


Liver 
blood flow in 
after hemorrhage, 573 
after hexamethonium, 1289, 1292 
after hydrazinophthalazine, 586 
after norepinephrine, 605 
after portacaval shunt in cir- 
rhosis, 526-536 
cirrhosis of 
antidiuretic hormone in, 931-938 
cardiac output in, 550 
cardiac output at rest in, 1025- 
1032 
and_ cholesterol-esterifying en- 
zyme in serum, 803 
colorimetric determination of 
_— cholinesterase in, 466- 
4 





fructose metabolism in, 273-280 
glucose metabolism in, 273-280 
half life of gamma globulin in, 
573 
and hepatic blood flow after 
portacaval shunt, 526-536 
Laennec’s,  electrocardiography 
in, 1030 
pitressin tolerance in, 885-891 
radioiodine-labelled albumin in, 
564 
radioiodine-labelled gamma glob- 
ulin in, 564 
serum cinnamate in, 715, 717 
serum peptidase activity in, 677 
679 
sodium retention in, 560 
colorimetric determination of serum 
cholinesterase in disease of, 
466-471 
coma 
antibiotics in, 1120 
biochemical abnormalities in, 602 
constituents of, in hepatic disease, 
603 
disease of 
and cholesterol-esterifying en- 
zyme in serum, 801-806 
serum peptidase activity in, 677- 
679 
and water diuresis, 422-427 
fatty 
glucose tolerance in, 565 
glycogen deposition in, 565 
function of, cinnamic acid for eval- 
uation of, 711-718 
and globin, 30 
glucose output of, after 
methonium, 797 
hepatocellular dysfunction in ar- 
terial hypertension, 561 
in inactivation of antidiuretic hor- 
mone, 590 
intracellular fate of digitoxin in, 
569 
lipids in, needle biopsy in estima- 
tion of, 214-224 
mitochondria of, potassium metab- 
olism by, 591 
oxygen uptake by, following por- 
tacaval anastomosis, 530-531 
parenchymal disease of 
fructose metabolism in, 273-280 
glucose metabolism in, 273-280 
sarcoidosis of, cationic detergent 
assay of serum protein in, 


hexa- 


y 
effect of body position on 


Lobe, 
ye gas concentration 
, 617-621 
Lung 
arteriolar resistance in, in emphy- 
sema, 133 
effect of body position on lobar 
alveolar as concentration 
in, 617-621 
carcinoma of, cationic detergent as- 
say of serum proteins in, 671 
elasticity of, 588 
emphysema of, 130-136 
cerebral circulation in, 720-727 
effect of mechanical exsufflation 
on respiratory gas exchange 


in, 1192-1196 
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in excretion of carbon-i4, 2 
fibrosis, cerebral metabolism in, 
725 
function of 
in Boeck’s sarcoid, 909-912 
before and after commissurot- 
omy for mitral stenosis, 
1094-1096 
spirographic evaluation of, prior 
to surgery, 571 
in mitral valvular disease, 510-524 
physiology of, at high altitudes, 
490-496 
in polycythemia, 57 
resistance of, 588 
ventilation of, in emphysema, 570 
Lupus erythematosus, disseminated, 
serum polysaccharides in, 
1210 
erythematosus cell phe- 
nomenon, inhibition of, 197- 
201 
from thoracic duct, 637 


Lupus 


Lymph, 


64 
Lymphoblast, 647 
Lymphoblastoma, blood flow in 
marrow in, 957, 958 
Lymphocyte, 642-649 
inhibition of serum desoxyribonu- 
clease by, 196, 200 
life span of, 644, 647 
Lymphoma 
creatinuria in, 592 
malignant, and anomalous serum 
protein, 600 
Lymphomata, malignant, antibody 
response in, 317-320 
Lymphosarcoma 
antibody response in, 319 
blood copper in, 334 


M 


M protein, of group A strepto- 
cocci, type-specific antibodies 
against, 1085-1092 
Magnamycin, for pneumococcal 
pneumonia, 557 
Magnesium 
clearance of, and electrolyte excre- 
tion, 858-861 
deficiency of, in delirium tremens, 
568 
and “L. E. cell” 
Mannitol 
clearance of, in pregnancy, 47 
in measurement of extracellular 
fluid volume, 312-316 
and solute diuresis during quiet 
standing, 245-249 
Marrow, blood flow in, 952-962 
Maximal breathing capacity 
at high altitude, 491, 494 
in mitral valvular disease, 515- 
518, 521 
Melanin, reflection spectrum of, after 
irradiation, 1055-1059 
Meningococcus, agglutinin for, 39- 
43 


phenomenon, 199 


Menstruation, blood copper during, 
324-325, 326-327 
Mentation, after ACTH, 372, 379 
Mercaptopurine, for leukemia, 557 
Mesobilirubinogen, 585 
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Metabolite, intermediary 
after fructose infusion, 277-280 
after glucose infusion, 277-280 
Metastasis, to liver, serum cinna- 
mate in, 715 
Methemoglobin, in polycythemia, 56 
Methylene, labeled with radioactive 
carbon, 1-4 
Micrococcus pyogenes, small-colony 
(G) variants of, obtained 
with antibiotics, 612 
Minute ventilation, and gas ex- 
change, at high altitude, 
491-495 
Mitochondria, of liver, 
metabolism by, 59 
Mitral valve 
insufficiency of 
and cardiac output, 588 
vs. stenosis, 595 
pulmonary function in disease of, 
510-524 
stenosis of 
cardiac output in, 588 
vs. insufficiency, 595 
a arteriolar resistance 
1, 588 
pilinchers function in, 510-524 
pulmonary function in, aan 
missurotomy for, 1094-1096 
pressure pulse wave in, 554 
pulmonary pressure in, 134-135 
of rheumatic origin, 566 
Monocyte, inhibition of serum des- 
oxyribonuclease by, 196 
Mononucleosis, infectious, leukocyte 
glycogen in, 255 
Mucoprotein 
glandular, electrophoretic pattern 
of, 864, 866 
in rheumatoid arthritis vs. degener- 
ative joint disease, 1208 
1213 
in — in diabetes mellitus, 417, 
9 
Mucoproteose, electrophoretic pat- 
tern of, 864, 867 
Muscle 
blood flow through, after hexa- 
methonium, 1286, 1290 
electrolytes in 
in hypokalemic alkalotic rat, 539 
in maintenance of extraceliular 
fluid composition, 583 
glucose uptake by, after insulin, 593 
inorganic phosphate in dystrophy 
of, 1061-1963 
measurement of extracellular phase 
of, 1299-1308 
Mustard, nitrogen, for rheumatoid 
arthritis, 575 
Myasthenia gravis, calcium panto- 
thenate in, 609 
Myeloid cell, glycogen in 
Myeloma, multiple 
blood flow in marrow in, 957, 958, 
961 
delayed blood coagulation in, 596 
serum cinnamate in, 716, 718 
Myelomatosis, cationic detergent as- 
say of serum proteins in, 671 
Myeloproliferative syndrome, leu 
kocyte glycogen in, 255 


potassium 


, 251-256 





1360 


Myocardium 
electrical energetics of, 58] 
electrocardiography in disease of, 
595 
Myxedema 
l-thyroxine in, 552 
l-triiodothyronine in, 552 
seaman in digestion of 
lagen, 1319 


N 


Narcosis, due to carbon dioxide, 585 
Neck, compression of, and _ renal 
function, 847-849 
Needle biopsy, in estimation of liver 
lipids, 214-224 
Negro 
hemoglobin C in, 
primaquine-sensitive 
609 
Nembutal. Sce Barbiturate 
Neoplasia, gastrointestinal, 600 
Neoplasm, obstructive jaundice due 
to, and cholesterol-esterify 
ing enzyme in serum, 804, 
805 
Nephrectomy, 
? A 


1277-1284 
hemolysis in, 


inulin space after, 
Nephritis 
epidemic, 345-355 
after scarlet fever, 345-348 
and serological type of 
coccus, 348-355 
Nephron 
in renal disease, 181 
in renal insufficiency, 77 
Nephrosis 
cholate cholesterol relationship in, 
121-123 
“lipoid,” blood copper in, 336 
Nephrotic syndrome 
in child 
continuous ACTH for, 589 
renal cellular electrolyte trans 
port in, 590 
serum complement in, 58] 
Nervous system 
autonomic, and renal function, 
central, in collagen disease, 583 
sympathetic, and renal function, 
182 


strepto 


182 


Newborn. See Child 
Nicotine salicylate, antidiuresis due 
to, in liver disease, 422-427 
Nitrogen 
blood urea, during globin adminis 
tration, 966-967 
glycine, for uric acid syrithesis in, 
775-777 
heavy, posttransfusion metabolism 
of erythrocytes labelled with, 
578 
metabolism of 
during corticosterone administra- 
tion in rheumatoid arthritis, 
772 
during globin 
900-907, 967 
in potassium de pletion due to laxa- 
tives, 265 
retention of, after sodium depriva 
tion in rena! insufficiency, 73 
in sweat, 740-744 


administration, 
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for uric acid synthesis in gout, 
778-780 
in urine in diabetes mellitus, 577 
Nitrogen mustard, for rheumatoid 
arthritis, 575 
Nitrous oxide method 
in measurement of cerebral blood 
flow, 463 464 
vs. para-amino-hippurate method, 
in renal blood flow measure- 
ment, 1180-1183 
Norepinephrine 
and cerebral blood flow, 226 
vs. epinephrine, 231 
and hepatic blood flow, 605 
after hexamethonium, 178-180 
release of, in postural hypotension, 
1065-1069 


oO 


O-agglutinin, after typhoid im- 
munization, 693 
Octab, in assay of serum proteins, 
661-672 
Octadecyl dimethyl benzyl am- 
monium chloride, in assay 
of serum proteins, 661-672 
Octadecyl dimethyl ethyl ammo- 
nium chloride, in assay of 
scrum protein, 666 
Octimet, in assay of serum protein, 
606 
Oliguria 
inulin space in, 209-213 
after protoveratrine, 87 
Oncotic pressure, of plasma, as an- 
tidiuresis stimulus, 283-291 
Osmolarity, and erythrocyte water, 
18 
Osteoporosis, 
in, 574 
cardiac. See 
put 
Ovary, and breast carcinoma. 594 
Oxalate 
and “L. E. cell” 
and thromboplastin 
serum, 386 
Oxygen 
administered, in chronic pulmonary 
emphysema, 1193 
alveolar, at high altitude, 495 
arterial 
at high altitude, 495 
in polycythe mia vera, 52-58 
arterial-hepatic venous difference, 
after hexamethonium, 796, 
799 
in blood, of children, 825, 
in cyanotic heart disease, 
846 
after norepinephrine, 230 
*rebral 
and ACTH, 373, 377 
and cortisone, 373, 377 
cerebral 
after hydrazinophthalazine in hy- 
pertension, 655-660 
after priscoline, 127 
cerebral consumption of, 720-727 
and aging, 462-464 
and arteriosclerosis, 462-465 
and cerebral blood flow, 696-702 
and hypertension, 462-464 


calcium metabolism 


Output, Cardiac out- 


phenomenon, 199 
inhibitor in 


830-831 
837- 


consumption of, 
ism, 202-2 
hepatic uptake of, following por- 
tacaval anastomosis, 530-531 
lobar alveolar, effect of body posi- 
tion on concentration of, 
617-621 
in pulmonary function after com- 
missurotomy for mitral 
stenosis, 1094-1096 
splanchnic consumption of 
after hexamethonium, 796, 799 
during hypotension due to bleed- 
ing, 57 
tension of, in digital skin, 
1099 
Oxyhemoglobin 
in blood, in cyanotic congenital 
heart disease, 837-846 
in children, 825 
Oxyhemoglobin dissociation curve 
of blood, in polycythemia 
vera, 55, 57 


P 


Pacemaker, external electric, in con- 
trol of cardiac rhythm, 614 
Pain, due to hypertonic saline in sup- 
portive tissues, 1045-1051 
Pancreas 
desoxyribonuclease from, 579 
serum cholinesterase in carcinoma 
of head of, 469 
Papain, in inhibition of desoxyribo- 
nuclease, 195 
Paper chromatogram, for Brucella 
agglutinin, 102-103, 105 
Para-acetylaminohippuric acid in 
measurement of cardiac 
output by direct Fick prin- 
ciple without gas analysis, 
162-170 
Para-aminohippurate 
clearance of, during pitressin ad- 
ministration, 874 
after hexamethonium, 178 
in measurement of cardiac output 
by direct Fick principle 
without gas analysis, 161, 
165 
Para-amino-hippurate vs. nitrous 
oxide, in renal blood flow 
measurement, 1180-1183 
tubular excretion of, in — in- 
sufficiency, 70, 73, 
Para-aminohippuric ee 
clearance of, in pregnancy, 47 
competition of, with  diodrast, 
1184-1190 
Penicillin 
and immune response in strepto- 
coccal infection, 630-632 
in intestinal degradation of choline, 
1117-1120 
staphylococci resistant to, 582 
for typhoid carriers, 593 
Peptidase 
in bile, 678 
in serum, 674-679 
Peptone, in proteinase production by 
Cl. histolyticum, 1320-1321 
Periarteritis nodosa 
blood copper in, 336 
serum polysaccharide in, 1210 


in hyperthyroid- 
7 


1097- 





Peritoneal fluid, agglutination of 


granulocytes in, 437 
Pernicious anemia, 
1073 


334-336, 598, 
Phagocytosis, and nutritional state, 


Pharyngitis, streptococcal 
antistreptolysin in 
against, 572 
immune response in, 632 
Phenobarbital. See Barbiturate 
Phenol, urinary excretion of, after 
antibiotics, 598 
Phenylbutazone, and urate clear- 
ance 
in gout, 605 
renal, 1121-1132 
Phenylhydrazine, iron absorption in 
anemia induced by, 1225- 
1228 
Phlebothrombosis, ex perimental pro- 
duction of, 610 
Phosphatase 
acid, of prostatic origin, 575 
alkaline 
in blood, 644 
in leukocyte, 256 
in lymph, 644 
serum acid, in prostatic cancer, 
1034-1043 
Phosphate 
inorganic, in muscular dystrophy, 
1061-1063 
serum inorganic 
after fructose infusion, 276, 279 
after glucose infusion, 276, 279 
in urine 
after phenylbutazone in 
1126 
after quiet standing, 245-249 
after “6063” in respiratory aci- 
dosis, 623, 627 
Phospholipid, in liver, 222 
Phosphorus 
body pool of, 500-501 
in erythrocyte, 499-500, 503, 508, 
509 


protection 


gout, 


inorganic, after intravenous cin- 
namate, 716 
metabolism of 
during administration of corti- 
costerone in rheumatoid ar- 
thritis, 772 
during globin administration, 968 
in man, 497-509 
in plasma, 497-499, 501-503, 508 
effect of glucose on, 500 
effect of insulin on, 500 
in potassium depletion due to laxa- 
tives, 265, 266 
radioactive 
in erythrocyte, 26, 499-500, 503, 
508, 509 
in plasma, 497-503, 508 
urinary excretion of, 500 
turnover of, 501 
in leukocytes, 553 
in urine, 500 
after pitressin, 875 
Pigmentation, of skin, spectropho- 
tometric study of, 1053-1059 
Pitressin 
antidiuresis due to, 289 
in liver disease, 422-427 
in non-edematous patients, 611 
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corticosteroid excretion after ad- 
ministration of, 887-888 
and electrolyte excretion, 868-877 
sodium diuresis after, 5.°2 
tolerance, in humans, 855-891 
Pituitary gland 
anterior, and ventral prostate, 609 
follicle-stimulating hormone frori, 
in antihormone formation, 
586 
posterior, 
from, 
Placebo, toxic effects after, 613 
Plasma 
dextran as volume expander of, 
340-343 


antidiuretic hormone 


globin as expander of, 907 

oncotic pressure of, as antidiuresis 
stimulus, 283-291 

pooled, hepatitis after, 601 

proteolytic enzyme in, 473-479 

thromboplastin factors in, in hem- 
orrhagic diseases, 599 

thromboplastin inhibitor in, 381 


volume of, 577 
and _ body/venous 
ratio, 1309-1316 
after hyperoncotic albumin, 283 
291 


hematocrit 


iodinated albumin for measure- 
ment of, 107-112 

radiochromic chloride for meas- 
urement of, 991-995, 1000 


1004 
T-1824 dye method for measure 
ment of, 107-112 
tagged erythrocyte for measure- 
ment of, 111 
Plasmapheresis, regeneration of 
plasma proteins during, 550 
Plasmin, substrates for, 473-479 
Plastic, ball valve made of, for severe 
aortic insufficiency, 598 
Platelet 
antigenicity of, 606 
concentration of, and fibrin strand 
width, 57 
grouping of, 606 
Pleocytosis, after 
streptodornase 
noid space, 392 
Pleura, biopsy of, 597 
Pneumococcus 
capsular polysaccharides of, as an- 
tigen in leukemia, 317-320 
pneumonia due to 
erythromycin for, 557 
magnamycin for, 557 
Pneumonia 
blood copper in, 332 
pneumococcal 
erythromycin for, 557 
magnamycin for, 557 
Poiseuille’s law, in determination 
of blood viscosity, 292-297 
Polarography, in study of oxygen 
tension of tissues, 1097-1099 
Poliomyelitis, viremia in, 576 
Polycythemia 
arterial blood in, 52-58 
blood copper in, 336 
of congenital heart disease, 56, 57 
erythrocyte ultrastructures in, 983 
hemoglobin in, 57 


streptokinase- 
in subarach- 
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leukocyte alkaline phosphatase in, 
256 
with leukocytosis, leukocyte glyco- 
gen in, 255 
lung in, 57 
methemoglobin in, 56 
myeloid leukocyte glycogen in, 
255, 256 
pulmonary alveolus in, 57 
Polysaccharide 
granulocyte movement toward, 
438-442 
non-glucosamine, bound to serum 
protein, 416 
pneumococcus, as antigen in leu- 
kemia, 317-320 
in serum 
in diabetes mellitus, 415-419 
in rheumatoid arthritis vs. de- 
generative joint disease, 
1208-1213 
Portal vein 
effect of portacaval shunt on he 
patic blood flow, 526-536 
pressure in, after hexamethonium, 
796, 799 
Position (of patient) 
and effect of hexamethonium on 
renal hemodynamics, 1134, 
1138 
and intracranial cerebrospinal fluid 
pressure, 848 
and lobar alveolar gas concentra 
tion, 617-621 
and oxygen tension of digital skin, 
1097-1099 
and protein excretion, 582 
and pulmonary tuberculosis, 620 
and pulsus alternans, 562 
release of catechol amines in hy- 
potension due to, 1065-1069 
and solute diuresis, 242-249 
and water excretion, 594 
and water loading related to solute 
excretion, 398 
Posture. See Position 
Potassium 
in blood, after “6063” in respira- 
tory acidosis, 623, 627 
and carbohydrate metabolism, 19 
21 


depletion of, 605 
due to laxatives, 258-270 
dietary deficiency of, in hyperten- 
sion, 633-636 
exchange of, in sickle cell anemia 
red cells, 608 
excretion of 
after enhanced sodium reabsorp- 
tion, 613 
after hexamethonium, 178, 182 
183 


effects of magnesium sulfate on, 
858-861 

after oral hexamethonium, 1136- 
1137, 1138 

in renal insufficiency, 69-71 

after vena caval congestion, 
1150, 1155, 1156, 1158 

metabolism of 

during administration of corti- 
costerone in rheumatoid ar- 
thritis, 772 

by liver mitochondria, 591 
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Potassium (Cont'd) 
in nephrectomized rats, with hypo 
kalemic alkalosis, 538-541 
in plasma, in diabetic acidosis, 114 
16 
in prevention of 
sodium retention, 
radioactive, in dciabetes 
15-21 
renal excretion of 
and arteriovenous fistula, 237 
and diuresis after water loading, 
396, 398-400 
and life situations, 602 
vs. rubidium, in acid-base balance, 


ACT H-induced 
1197-1207 


mellitus, 


in serum, in diabetic ketosis, 1215 
in solution in colon, 447 
in sweat, 739-740, 742-744 
transfer of, in adrenal insufficiency, 
1240, 1244 
in urine 
in diabetic ketosis, 1215 
after hyperoncotic albumin, 283 
after phenylbutazone in 
6 
after “6063” in respiratory aci 
dosis, 623, 626-628 
after water diuresis in liver dis 
ease, 425 
Potassium chloride, and water !oad- 
aeg ing, related to solute excre- 
tion, 399, 400 


gout, 


cell” 


Potassium oxalate, and “L. E. 
phenomenon, 199 

Pre-eclampsia, renal function in, 44 
50 


Pregnancy 
apresoline in, 922-929 
blood copper in, 329, 331 
electrolyte excretion in, 46, 49 
measurement of uterine blood flow 
in, 589 
renal function in, 
toxemia of, 44-50 
Pressure 
of blood. See Blood, pressure of 
fistula, 234 
effect of, on stored blood, 
1011 
intracardiac, in patients with ar- 
teriovenous fistula, 543-546 
left atrial, in mutral stenosis, 554 
pulmonary, in mitral stenosis, 523 
pulmonary arterial, in emphysema, 
135 
pulmonary capillary 
in emphysema, 132-135 
in mitral stenosis, 554 
in mitral valvular disease, 519 


44-50 


1007 


Pressure pulse wave, in 
stenosis, 554 
Priscoline, cerebral effects of, 125 


mitral 


Probenecid, and phenylbutazone in 
gout, 1128 
Proconvertin, 915-920 
Prostate 
cancer of, serum acid phosphatase 
in, 1034-1043 
serum acid phosphatase from, 575 
ventral, effect of anterior pituitary 
on, 00 
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Prosthesis, plastic valvular, for se- 
vere aortic insufficiency, 598 
Protease, in plasma, 473-479 
Protein 
bacterial digestion of, 
1323-1329 
dietary 
and blood pressure, 189, 190 
and weight loss, 185-191 
globin as food supplement, 964- 
971 
globin as source of, 900-907 
iodine bound to, in thyroid disease, 
149-159 
M, of group A streptococci, 1085 
1092 
in plasma 
exchange 
553 
during plasmapheresis, 550 
regeneration of, 550 
tagged with radioactive 
mate, 571 
in serum, 1215 
cationic detergent assay of, 661- 
672 
electrophoresis in assay of, 667 
669 
after globin administration, 965 
in leukemia, 600 
in malignant lymphoma, 600 
non-glucosamine polysaccharides 
bound to, 416 
in rheumatoid arthritis vs. de- 
generative joint disease, 
1211 
in tissue, and in vivo réactions with 
allergen, 564 
in urine 
during globin 
967-968 
in renal disease, 582 
Proteinase 
bacterial, 1317-1322, 1323-1329 
from Cl. hystolyticum, 1323-1329 
Proteinate, in serum, in cyanotic 
congenital heart disease, 839 
Proteolysis 
due to enzyme in plasma, 473-479 
due to thrombin, 603 
Proteus Neg in digestion of col- 
lagen, 1318-1319 
Prothrombin, 915-920 
Protoveratrine 
intravenous, 56] 
and renal function, 80-88 
Pseudoglobulin, in serum, in rheu- 
matoid arthritis vs. degener- 
ative joint disease, 1211, 
1212, 1213 
Pseudohemophilia, dual hemostatic 
defect in, 551 
Psychosis 
after ACTH, 372, 379 
and cerebral blood flow, 463 
Pulmonary artery 
pressure in 
in emphysema, 131-135 
after hexamethonium, 1286 
in patients with arteriovenous 
fistula, 544, 546 
Pulse, and arteriovenous fistula, 234 


1317-1322, 


of, with ascitic fluid, 


chro- 


administration, 


Pulse pressure 
pulmonary capillary, in 
stenosis, 554 

renal arterial, 238 
Pulse rate, after venous congestion 
of limb, 1111 
Pulse-volume digital, after intra- 
venous protoveratrine, 561 
Pulsus alternans, orthostatic factors 
in, 562 
Pyrodine. See 
zine 
Pyruvic acid 
after fructose 
279-280 
glucose 


279-280 


mitral 


Acetylphenylhydra- 


infusion, 


after infusion, 


Q 


Q-T interval, in Laennec’s cirrhosis, 
1030 


R 
Rabbit 
Rickettsia mooseri toxin in, 594 
streptococcus-infected, fibrinoid ne- 
crosis of coronary artery in, 
562 
Radiocarbon, in glycine, 1-4, 
Radiochromium 
as biological tracer, 571 
in determination of erythrocyte 
mass, 1000-1004 
in determination of erythrocyte 
survival, 1260-1276 
in determination of plasma volume, 
991-995, 1000-1004 
Radioiodine 
albumin tagged with, 29, 601 
metabolism of, 746-767 
in blood flow in bone marrow, 952 
962 
globin tagged with as blood volume 
expander, 22-31 
in human serum albumin, 138-145 
for measurement of plasma volume, 
107-112 
salivary concentration 
for, 1077-1083 
and thyroid stimulating hormone, 
149-159 
and thyroidal function, 577 
thyroxine, labeled with, 596 
triiodothyronine labeled with, 596 
urinary excretion of, in thyroid 
disease, 153 
Radiophosphorus 
in erythrocyte, 26, 
508, 509 
in plasma, 497-503, 508 
urinary excretion of, 500 
Radiopotassium, in diabetes mellitis, 
15-21 
Radiosodium 
and extracellular 
483-488 
in renal insufficiency, 75, 76 
Radiosulfate 
in measurement of 
fluid, 299-309 
in hypertension, 312-316 
Rapid slide agglutination method 
for Brucella agglutinin, 98- 
99, 104 


gradients 


499-500, 503, 


fluid 


volume, 


extracellular 





Rat 
adrenalectomized, cortisone acetate 
and desoxycorticosterone ac- 
etate in, 1175-1179 
nephrectomized, with hypokalemic 
alkalosis, 538-54 
Rickettsia mooseri toxin in, 594 
Recticulocytosis 
in sickle ceil anemia, 1074 
in sickle cell trait, 1075 
Red blood cell. See Erythrocyte 
Reflex, vasoconstrictor, after hexa- 
methonium, 1295 
Resistance 
cerebral vascular, 33-37 
cerebral pone after priscoline, 
12 
glomerular arteriolar, after proto- 
veratrine, 
pulmonary, in emphysema, 133 
renal vascular, in pregnancy, 47- 
48, 50 
Respiration 
bacterial, after streptomycin, 593 
in Boeck’s sarcoid, 909-912 
and effect of carbon dioxide ten- 
sion on bicarbonate reab- 
sorption, 975-977 
and cardiac output, 6-7 
at high altitude, 490-496 
in mitral valvular disease, 510-524 
Respirator, and respiratory gas ex- 
change, in pulmonary em- 


physema, 1192-1196 
Respiratory disease, due to virus, 
552 


Respiratory gas exchange, effect of 
mechanical exsufflation on, 
1192-1196 

cardiac output during, in 
Laennec’s cirrhosis, 1025- 
032 


Rest, 


Resting minute ventilation and gas 
exchange, at high altitude, 
491, 494-495 
Rheumatic disease, effect of cortico- 
tropin on body water and 
electrolytes in, 879-883 
Rheumatic fever 
vs. glomerulonephritis, 362 
prevention of cardiac abnormali- 
ties due to, 572 
immune response in + anaes 
infections, 630-632 
and scrological type of strepto- 
coccus, 352-353 
susceptibility to, as related to anti- 
body response to non-strep- 
tococcal antigen, 691-695 
Rheumatism, myocardial insuffici- 
ency in mitral stenosis due 
to, 566 
Ribonuclease, in inhibition of des- 
oxyribonuclease, 195 
Rubidium, vs. potassium, in acid- 
base balance, 597 


Ss 


“6063,” in respiratory acidosis, 622- 
6 

Saccharide, and leukocyte movement, 
436-442 


SUBJECT INDEX TO VOLUME XXXII 


Saline solution, 34 
change in ionic composition of, in 
colon, 444-448 
hypertonic 
in diabetes insipidus, 607 
after gastrectomy, 597 
pain due to, 1045-1051 
intravenous, and cerebral 
flow, 34 
isotonic diuretic response to, 807- 
l 


blood 


Saliva 
concentration gradients for iodide 
and chloride in, 1077-1083 
electrolyte in, 569 
electrophoretic pattern of, 863 
Salt 
acidifying, after sodium depletion, 
602 
in congestive heart failure, 579 
dietary 
and blood pressure, 188-189 
and inulin space in adrenal insuf- 
ficiency, 1242 
excretion of 
and arteriovenous fistula, 235 
239 
after intracranial pressure-vol- 
ume change, 848-849 
and posture, 594 
after venous conge stion of limbs, 
1101-1115 
and reaction of Octab with protein, 
664-665 
renal excretion of, and diuresis 
after water loading, 396-402 
solution of, for dehydration in dia- 
betic acidosis, 114 
urinary excretion of, after hyper- 
oncotic albumin, 283-291 
Boeck’s, pulmonary func- 
tion in, 909-912 
Sarcoidosis, of liver, cationic deter- 
gent assay of serum protein 
in, 
Saturation, arterial, in polycythemia, 
, 56-5 
Scarlet fever 
acute glomerulonephritis after, 346 
348 


Sarcoid, 


antistreptolysin in protection 
against, 572 

Sclerosis, vascular, and 
blood flow, 459-465 

Screening test, Castaneda, for Bru- 
cella agglutinin, 99-100, 104 

Sedimentation rate, in rheumatoid 
arthritis and degenerative 
joint disease, 1212 


cerebral 


Serum 
complement 
as indication of inflammation, 
568 
in nephrotic syndrqme, 581 
proteolytic enzyme in, 477 
thromboplastin inhibitors in, 382 
vitamin Bis binding capacity of, 
595 


Serum acid phosphatase, in pros- 
tatic cancer, 1034-1043 

Sex (of patient), and exchangeable 
potassium content, 20 

Shock, hemorrhagic, blood flow and 
transcapillary exchange in, 
612 


1363 


Shunt, portacaval, and hepatic blood 
flow, 526-536 
Sickle cell anemia 
filter paper electrophoresis of he- 
moglobin in, 1073, 1074 
potassium in erythrocyte in, 608 
Sickle cell-Hemoglobin C disease, 
1282-1283 
Sickle cell trait, filter paper electro 
phoresis of hemoglobin in, 
1074 
Skin 


oO 
erythe matous response of, to ultra- 
violet light, 681-689 
measurement of extracellular phase 
of, 1299-1308 
temperature of 
after apresoline in 
925, 929 
after “faa, protoveratrine, 


pregnanicy, 


ultraviolet erythema and pigmenta- 
tion of, 1053-1059 
Slide test, Castaneda, for Brucella 
agglutinin, 99-100, 104 
Sodium 
and arteriovenous fistula, 235-239 
in blood 
after pitressin, 886-887, 889.891 
after “6063” in respiratory aci 
dosis, 623, 627 
effect of corticotropin on, in rheu 
matic disease, 879-883 
depletion of, acidifying salts after, 
602 


dietary, and blood pressure, 188 
189 
distribution of, in disease, 612 
excretion of 
after hexamethonium, 177-178, 
181-183 
after intracranial pressure-vol- 
ume change, 848-849 
effects of magnesium sulfate on, 
858-861 
after oral hexamethonium, 1135 
1138 
after pitressin, 582 
after vena caval congestion, 
1150, 1155, 1156, 1157, 1158 
after venous congestion of limbs, 
1101-1115 
intracellular, in diabetic acidosis, 
118 
metabolism of 
during administration of corti- 
costerone in rheumatoid ar- 
thritis, 772 
after pitressin, 582, 885-887 
in muscle, in hypokalemic alkalotic 
rat, 539 
in plasma 
in hypokalemic alkalotic rat, 539 
after phenylbutazone, 1127 
after pitressin, 886-887, 889-891 
in potassium depletion due to laxa 
tives, 264, 265, 266 
potassium in prevention of ACTH - 
induced retention of, 1197 
1207 








1364 


Sodium (Cont'd) 
radioactive, 
and extracellular fluid volume, 
483-488 
in renal insufficiency, 75, 76 
renal excretion of 
and diuresis after water loading, 
396-402 
and life situations, 602 
in renal insufficiency, 68-78 
renal tubular reabsorption of 
after Compound E, 613 
after Compound F, 613 
after DOCA, 613 
retention of 
in cirrhosis of liver, 560 
in heart disease, 566 
in serum 
in adrenalectomized rat, 1177- 
1178 
in diabetic ketosis, 1215 
after hepatic and cardiac disease, 
934, 937 
in solution in colon, 444-448 
space, 483-488 
in sweat, 738-739, 742-744 
transfer of, in adrenal insufficiency 
1238-1241 
in congestive heart failure, 579 
in diabetic ketosis, 1216 
after hyperoncotic albumin, 283- 
291 
after leg tourniquet, 1167 
after phenylbutazone in gout, 
1126, 1131 
after pitressin, 868-877 
after pitressin in non-edematous 
patients, 611 
in pregnancy, 46, 49 
after quiet standing, 242-249 
after “6063” in respiratory aci- 
dosis, 623, 626-628 
after water diuresis in liver dis- 
ease, 425 
urinary corticoid in retention of, 
See also Electrolyte 
Sodium acetate, and ketone body 
production, 584 
Sodium amytal. See Barbiturate 
Sodium arsenate, and “L. E. cell” 
phenomenon, 199 
Sodium bicarbonate 
and cerebral circulation, 34-37 
and water loading related to solute 
excretion, 399, 400 
Sodium chloride 
and “L. E. cell” phenomenon, 199 
and reaction of Octab with protein, 
664-665 
solution of, in colon, 444-448 
Sodium chromate, radioactive, in 
determination of red cell 
mass and plasma volume, 
1000-1004 
Sodium cinnamate, for evaluation of 
liver function, 711-718 
Sodium citrate, and “L. E. 
phenomenon, 199 
Sodium  octanoate, intravenous, 
splanchnic ketone production 
after, 610 


cell” 
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Solute 
excretion of, in edema, 570 
excretion of, and diuresis 
aiter water loading, 394-402 
urinary excretion of 
after hyperoncotic albumin, 283- 
291 


renal 


after quiet standing, 242-249 
Sound, Korotkoff, 598 
Space 
antipyrine, 75 
dead, in mitral valvular disease, 
517-518 
inulin, 75-76 
sodium, 483-488 
sucrose, 483-488 
T-1824 dye, 1013-1019 
thiosulfate, 1299-1308 
Species specificity, in inhibition of, 
desoxyribonuclease, 196-197, 
199-200 
Spectrophotometry, in study of ul- 
traviolet erythema and pig- 
mentation, 1053-1059 
Spirography, for evaluation of pul- 
monary function prior to 
surgery, 571 
Splanchnic area 
blood flow in, after hexamethonium 
bromide, 793-799 
oxygen consumption of, during hy- 
potension due to bleeding, 
573 


Splanchnicectomy 
and venous congestion of limbs 
upon renal function, 1101- 
1115 
renal electrolyte excretion after, 
589 


Splenectomy, and thalassemia major 
with associated acquired he- 
molytic anemia, 1233-1235 

Splenomegaly, and body/venous he- 
matocrit ratio, 1315 

Spondylitis, rheumatoid, serum poly- 
saccharide in, 1210 

Spore-bearer, aerobic, in digestion 
of collagen, 1318 

Standing, quiet, solute diuresis after, 


Staphylococcus 
in digestion of collagen, 1318 
resistant to antibiotic, 582 
Starch, granulocyte movement to- 
ward, 438-442 
Stenosis, mitral. See Mitral valve, 
stenosis of 
Steroid 
adrenal 
direct estimation of, 703-709 
after pitressin, 9 
in stress, 608 
adrenal cortical, intravenous, 579 
metabolism of, 573, 950-951 
alpha-ketosteroid patterns, 940- 
948 


reproducibility of patterns of, 950- 


Stilbestrol, and serum acid phospha- 
tase in prostatic cancer, 1041 

Stomach, acidity, in absorption of 
iron from upper gastroin- 
testinal tract, 571 

Stools, carbon-14 excretion in, 2 


Streptococcus 
antistreptolysin in, 
against, 572 
fibrinoid necrosis of coronary ar- 
tery in rabbits infected with, 
562 
glomerulonephritis after infection 
due to, 606 
immune response after infection 
with, 630-632 
serological type of 
and acute glomerulonephritis, 
348-355, 359-363 
and rheumatic fever, 352-353 
type specific antibody against, dem- 
onstrated by hemoglobin 
technique with tannic acid, 
1085-1092 
Streptodornase, 579 
subarachnoid injection of, 391-393 
Streptokinase 
in activation of proteolytic enzyme 
in plasma, 473-479 
subarachnoid injection of, 391-393 
Streptomycin, antibacterial action of, 
593 


immunity 


Stress 
and adrenal cortex 
in carbohydrate metabolism, 781- 
790 


reserve, 608 
and eosinophils, 581 
Stroma, of erythrocyte, 1251 
Stupor, ms, due to Eck fistula, 
87 


Subarachnoid space, streptokinase- 
streptodornase in, 391-393 
Sucrose space, 483-488 
Sugar 
in blood, in diabetes mellitus, 577 
and leukocyte metabolism, 1171- 
1174 
in urine, in diabetes mellitus, 577 
Sulfaphthalidine in‘ intestinal de- 
gradation of choline, 1117- 
1120 
Sulfate, radioactive, for measurement 
of extracellular fluid, 299- 
309, 312-316 
Surgery, and serum acid phosphatase 
in prostatic cancer, 1039 
Sweat 
electrolyte in, 736-744 
nitrogen in, 740-744 
Sweat glands, urea clearance by, 602 
Sympathectomy 
epinephrine hypersensitivity after, 
51-856 
thoraco-lumbar, 
trine, 86 
Sympathetic nervous system and 
renal function, 182 
Synovial cavity, metabolism of hy- 
drocortisone in, 614 
Synovial fluid, after intra-articular 
hydrocortisone, 480-482 


and _ protovera- 


- 


T-1824 dye 
in human serum albumin, 138-145 
in localization of cardiac defects 
by dilution curves, 613 
for measurement of plasma vol- 
ume, 107-112 





space, in diarrhea of infancy, 1013- 
1019 


Tannic acid, in demonstration of 
type specific streptococcal 


antibody, 1085-1092 
Tartrate, and serum acid phospha- 
tase in 
1034-104? 
Temperature 
effect of, on stored blood, 1007- 
1011 


prostatic cancer, 


of skin 
after apresoline in pregnancy, 
925, 929 
after intravenous protoveratrine, 
561 


Tendon, measurement of extracellu- 
lar phase of, 1299-1308 
Terramycin, in intestinal degrada- 
tion of choline, 1117-1120 
Test 
for Brucella agglutinin in serum, 
6-105 


cold-pressor, cardiac output dur- 
ing, 559 
hemolytic, for tuberculosis, 590 
Thalassemia major 
associated with acquired hemolytic 
anemia, effect of splenec- 
tomy on, 1233-1235 
extracorpuscular defect in, 1229- 
1233 
Thiocyanate 
and response of thyroid gland to 
thyrotrophin, 156-157 
and salivary transport mechanisms, 
82-108 


Thiosulfate, space, in measurement 
of extracellular fluid, 1299- 
1308 


Thoracic duct, characteristics of 
lymph from, 637-649 
Thrombin 
concentration of, and fibrin strand 
width, 571 
formation of, 917-920 
“lag phase,” 920 
proteolytic action of, 603 
Thromboembolism, anticoagulants 
for, 652 
Thromboplastin 
action of, 918-919 
inhibitor of, 381-388 
plasma factors of, in hemorrhagic 
diseases, 599 
Thrombosis 
anticoagulants for, 652 
cerebral, carbon dioxide inhalation 
for, 700-701 
intravascular, experimental pro- 
duction of, 610 
Thyroid gland 
function of, after injury of thyro- 
tropin, 583 
hormonal stimulation of, and radio- 
iodine metabolism, 149-159 
hormone from, 149-159 
Thyroid hormone 
exchangeable pool of, 453-457 
synthesis of, 577 
utilization of, 558 
Thyrotrophin 
and radioiodine metabolism, 149- 
159 
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thyroid function after injection of, 


Thyroxine 
pacer oe pool of, 453-457 
labelled, metabolism of, 596 
in myxedema, 552 | : 
radioactive, metabolism of, ‘n rat, 
580 
Tidal volume, in mitral valvular dis- 
ease, 517-518 
Tissue 
breakdown of, and potassium loss 
in diabetes mellitis, 19-20 
connective, in maintenance of ex- 
tracellular fluid composition, 
583 
electrolyte in 
in DCA hypertension, 608 
in diabetic acidosis, 580 
jodo-albumin removal from, 755 
measurement of extracellular phase 
of, 1299-1308 
osmotic equilibria of, 556 ; 
protein in, and in vivo reactions 
with —— . a 
upportive, pain due to hypertonic 
— aaina th 1045-1051 
, effect of position on oxygen 
. tension "a skin of, 1097- 
1099 
Tourniquet, and renal 
1163-1169 
Toxemia of pregnancy 
apresoline in, 924-927 
renal function in, 44-50 
Toxicity, after placebo, 613 
Toxin, rickettsial, 594 
Trait, sickle cell, filter paper electro- 
phoresis of hemoglobin in, 
1074 
Transfusion 2 
erythrocyte survival after, 576 
metabolism of heavy nitrogen 
labelled erythrocytes after, 
578 
Treponema pallidium, and adhesion- 
disappearance phenomenon, 
? 


function, 


Triiodothyronine 
l-, in myxedema, 552 
labelled, metabolism of, 580, 596 
Trimethylamine, formation of, after 
ingestion of antibiotics and 
choline, 1117-1120 
Tripeptidase 
in bile, 678 
in serum, 674-679 
Trypsin, in inhibition of desoxyribo- 
nuclease, 195 
Tube dilution agglutination method, 
for Brucella agglutinin, 98 
99, 103-104 
Tubercle bacillus, in vivo behavior 
of, 587 
Tuberculosis 
blood copper in, 332 
hemolytic test for, 590 
pulmonary, effect of body position 
on, 620 
Tubule, renal 
in hypokalemic alkalosis, 540-541 
and PAH excretion, 178 
in renal insufficiency, 70, 73, 77 
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Turbidimetry, using cationic deter- 
gents, in assay of serum pro- 
teins, 661-672 
Typhoid fever 
antibody response of rheumatics to 
immunization against, 692 
694 
blood copper in, 332 
treatment for carriers of, 593 


U 


Ulcer, duodenal, electrophoretic pat- 
terns in gastric juice of, 863, 


) 

Ultraviolet light, erythematous re- 
sponse of human skin to, 
681-689, 1053-1059 

Unconsciousness and cerebral oxy- 
gen, consumption, 464 

Unsaturation, arterial, in polycy- 
themia vera, 54, 57, 58 

Urate, clearance of 

after phenylbutazone, 605, 1121 
1132 
after probenecid, 1128-1130 
Urea 
clearance of, by sweat glands, 602 
renal excretion of, and diuresis 
after water loading, 396-402 
urinary excretion of after hyperon- 
cotic albumin, 283-291 
Urea nitrogen 
blood, during globin administra 
tion, 966-967 
serum, in adrenal 
1238, 1241 

Uremia, serum inulinoid blank in 

212 


insufficiency, 
, 


Uremic syndrome, acid-base balance 
during hemodialysis for, 729 
735 


Ureteroenterostomy, acidosis after, 
447 


Uric acid 
glycine nitrogen for synthesis of, 
in gout, 775-777 
nitrogen for synthesis of, in gout, 
78-780 


Urine 
after hexamethonium, 176-178, 180 
183, 1135-1137, 1293 
after hyperoncotic albumin, 283-291 
after leg tourniquet, 1167 
after protoveratrine, 86-87 
during vena caval congestion, 1150, 
1155, 1158, 1159 
after venous congestion of limbs 
1101-1115 
after water diuresis in liver dis- 
ease, 424 
See also Diuresis 
Urobilinogen, dextrorotatory, crys- 
talline, 585 
Uterus, blood flow in, in pregnancy 
589 


Vv 


Valsalva maneuver, circulatory phe- 
nomena produced by, 588 
Valve 
aortic, plastic valvular prosthesis 
for insufficiency of, 598 


mitral. See Mitral valve 
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Vascular system 
cevebral 
after priscoline, 125-128 
resistance of, 33-37 
renal, in pregnancy, 47-48, 5( 
stretching of, as stimulus for elec- 
trolyte and water excretion, 
1159-1160 
Vasoconstriction 
cerebral 
due to I-nor-epinephrine, 230 
after priscoline, 127 
Vasoconstrictor reflex, after hexa- 
methonium, 1295 
Vasodilation 
cerebral, after priscoline, 127 
renal, after protoveratrine, 87-88 
Vasopressor reflex, after apreso 
line in pregnancy, 926, 928 
Vein 
congestion of, in limbs, and renal 
function, 1101-1115 
stretching of, as stimulus for elec- 
trolyte and water excretion, 
1159-1160 
Vena cava 
intracardiac catheter, for producing 
increased pressure in, 1140 
1144 
effect of portacaval shunt on he 
patic blood flow, 526-536 
effects of congestion of, 
1145-1161 
Venipuncture, antidiuresis after, 289 
Ventilation 
and effect of 
alveolar gas 
620 
in mitral valvular disease, 510-524 
pulmonary 
in emphysema, 570 
at high altitude, 490-496 
Ventricle, right, pressure in 
after hexamethonium, 1286 
in patients with arteriovenous 
fistula, 544-546 
Veratrum. Sve Protoveratrine 
Viobin, 60 
Viremia, in poliomyelitis, 576 


renal 


position on lobar 
concentration, 
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Virus 
hepatitis due to, serum cholines- 
terase in, 466-471 
respiratory disease due to, 552 
Viscera, oxygen consumption of, dur- 
ing hypotension due to 
bleeding, 573 
Vital capacity, in mitral valvular 
disease, 515-518, 521 
Vitamin By, binding capacity of 
human serum for, 595 
Volume, tidal, in mitral valvular 
disease, 517-518 


WwW 
Water 
effect of adrenal cortex on distri- 
butien of, 1236-1247 
effect of corticotropin on, in rheu- 
matic disease, 879-883 
in diabetic ketosis, 1216 
diuresis due to 
in liver disease, 422~427 
related to renal excretion of 
solutes, 394-402 


in erythrocyte, in diabetic acidosis, 
18-119 


excretion of 
in congestive heart failure, 579 
after enhanced sodium reabsorp 
tion, 613 
after hyperoncotic albumin, 283- 


after oral hexamethonium, 1135 
1138 
and posture, 594 
in pregnancy, 45-46 
during renal insufficiency, 69, 
76-77 
after venous congestion of limbs, 
1101-1115 
effect of exogenous adrenal steroid 
on, after pitressin, 888-889 
extracellular 
measurement of, 1299-1308 
volume of, 75, 77 
ingested, after pitressin, 582 
intravenous, for diuresis in liver 
disease, 422-427 


metabolism of, after pitressin, 885- 
887 


in plasma, in diabetic acidosis, 114 
redistribution of, in adrenal corti- 
cal insufficiency, 574 
renal excretion of, and life situa- 

tions, 602 
in renal insufficiency, 75-77 
retention of 
after antidiuretic hormone in 
hepatic and cardiac disease, 
931-938 
and pee excretion, 868- 
8 


in heart disease, 566 
after pitressin in non-edematous 
patients, 611 
transcellular, 308 
See also Body fluid; Fluid 
Wave length, and erythematous re- 
sponse of human skin, 685- 
689 
Weber Christian Disease, serum 
polysaccharide in, 1210 
Weight of body. See Body weight 
White blood cell 
extract of, in inhibition of desoxy- 
ribonuclease, 193-197, 199 
200 
glycogen in, 251-256 
effect of saccharides on movement 
of, 436-442 
susceptibility of, to “L. E. 
transformation, 197 
See also Leukocyte 
Wilson’s disease, blood copper in, 
336 


cell” 


X 


Xanthomatosis, hypercholesterole- 
mic, heredity of, 611 


_ 
Yeast, desoxyribonuclease inhibitor 
in, 199 
Yeast protease, in inhibition of des- 
oxyribonuclease, 195 
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At S oge 


BILE DUCT VISUALIZATION 
WITH 


/elepaque’ 


Superior Oral Cholecystographic 
AND CHOLANGIOGRAPHIC Medium 


The frequency of bile duct visualization with Telepaque plus the 
high incidence of dense gallbladder shadow? are advantages of 
distinct diagnostic importance. Furthermore, Telepaque is 
notable for its low degree and percentage of side reactions. 


DOSAGE: The average acult dose of Telepaque is 6 tablets with at least one glass of 
water from ten to twelve hours before the scheduled roentgen examination. 


SUPPLIED in tablets of 0.5 Gm., envelopes of 6 tablets, 
boxes of 5 and 25 envelopes; bottles of 500 tablets. 


WINTHROP-STEARNS INC. e New York i8,N.Y. © Windsor, Ont. 





“A COMPLETE ANALYTICAL LABORATORY 
in ONE PACKAGE" 


BECKMAN 


Model B Flame 
Snectrophotometers 


Offer that extra margin 
of accuracy... sometimes 
the difference hetween 
life and death 





Simplified A prominent doctor recently reported that the extreme accuracy 


of the Beckman Model B permitted detection of a critical potas- 


Colorimetric 
Procedures 


sium deficiency and subsequent corrective therapy which saved the 
patient's life. Top authorities state that, because of inadequate instru- 
mentation, many clinical analyses being made today are unreliable 
and do not offer a sound basis for diagnosis and therapy. 


This new handbook details 13 labora- Only the Beckman Model B provides the full accuracy available in 
tory-prover roce dures for makin 4 . 
ik antic abe ; . a modern spectrophotometer with complete ease of operation. 
step-by-step analyses with Beckman 


Spectrophotometers. It is authorita- Fastest and most accurate for sodium, potassium and calcium in blood, 


tive, will save much time in your lab serum and plasma...best for ALL clinical flame analyses. 


and costs only $5.00 through your Better and more practical for colorimetric analyses than any colorimeter 
Beckman dealer. ...a complete analytical lab in one package! 


See your Beckman dealer or write for Data File 26-316. 


Beckman dvcscon 


BECKMAN INSTRUMENTS, INC. 


SOUTH PASADENA 1, CALIFORNIA 











“sense of well-being”... 


“Premarin” will not only effectively control 
menopausal symptoms but, in addition, “It gives to 


the patient a feeling of well-being >. .” - 


“PREMARIN, in the menopause 


Estrogenic Substances (waterSoluble) also known as 


Conjugated Estrogens (equine). Tablets and liquid 


AYERST, MCKENNA & HARRISON LIMITED * New York, N. ¥.* Montreal, Canada 





— The Portable, 
Electrophoresis Apparatus 





Complete 





An ordinary laboratory bench, without spe 


cial mountings, is sufficient for the installation 
The Perkin-Elmer Tiselius Electrophoresis 
achromatic 


Apparatus Precision-ground, 


clear patterns. 


that 


schlieren optics yield sharp, 


Operating the instrument is so simple 


highly trained personnel are not required—a 


echnician can readily operate two units. 
the entire 


single t 
Measuring only 63 inches in length, 
unit weighs 120 pounds and is constructed of 
heavy aluminum. It operates for several hun 


dred hours under its own power system 


The apparatus is shipped complete and pre 


focussed with a 2 cc Tiselius cell 50 mm long, 


Schematie cutaway of the new Perkin 
Elmer Model 38 Tiselius Electrophoresis 


Apparatus. 


Perkin-Elmer Tiselius klectrophoresis 
Apparatus at the University Hospital 
of the New York University—Bellevue 
Vedical Center. 


bath and silver-silver 


chloride electrodes, open-end 250 cc buffer bot 


cell holder, ice stirrer, 
tles, stainless steel needles for filling the cell, 
ground glass screen for visual observation of the 
pattern, and a 314". x 414” film holder. Dou 
ble knife-edge and diagonal slit for use with a 


evlindrical lens are also included. 


The dependability, accuracy and simplicity 
f The Perkin-Elmer Tiselius Electrophoresis 
Apparatus have made it the choice of hospital 
laboratories throughout the 


and research 


world. 


Write today for complete information. 
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POSITIONING DRUAA 


THE PERKIN-ELMER CORPORATION 


Norwalk, Connecticut 


Leading manufacturers of Infrared Spectrometers, Continuous Infrared Analyzer, 
Universal Monochromator, Flame Photometer, Tiselius Electrophoresis Apparatus, 
D. C. Amplifiers, and other electro-optical instruments for analysis and research. 
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As you can see above, it's no problem at all to have plenty 
of clean pipettes always available — when you entrust the 
job to the Technicon Automatic Pipette Washer. Twice every 
minute the washer swirls seven surging gallons of water 
through the pipettes inside, flushing away clinging residues 
In three minutes (six syphon-cycles) it delivers a full basket 





load of immaculate pipettes (holds up to 200 pipettes | ml 
and up to 18” long). The special alloy stainless steel basket ait esas 
is proof against corrosive reagents, even potassium dichro- Rock Washer 
mate and sulfuric acid. It carries pipettes as a unit-load 

through cleansing, washing, drying. Requiring no handling a 4 e 

of separate pipettes, it practically eliminates breakage and : a 1} rn 1( (mn) 
chipping. Bulletin +4150 gives particulars — let us send it eee ee @ AL 

to you. onteunetie pipette washer 
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THE TECHNICON COMPANY, 215 East 149 Street, New York 51, N. Y 





Taste Toppers e « « that’s what physicians and 
patients alike call these two 


for all ages favorite dosage forms of 


Terramycin because of their 
———,, . unsurpassed good taste. 
They’re nonalcoholic — a treat 
for patients of all ages. 
with their pleasant raspberry 
taste. And they’re often the 
dosage forms of first choice 
for infants, children and 


adults of all ages. 


‘Te rramycl Y 


Pediatric Drops 


Each ce. contains 100 mg. of pure 
crystalline Terramycin. Supplied in 

10 ce. bottles with special dropper 
calibrated at 25 mg. and 50 mg. May 
be administered directly or mixed with 
nonacidulated foods and liquids. 
Economical 1.0 gram size often 
provides the total dose required for 
treatment of infections of average 


severity in infants. 


Supplied: Bottles of 1.0 Gm. 


Oral SuspeNsiON (e201 


Each 5 ce. teaspoonful contains 250 mg. 
of pure crystalline Terramycin. Effective 
against gram-positive and gram-negative 
bacteria, including the important 
coli-aerogenes group, rickettsiae. 


certain large viruses and protozoa. 


Supplied: Bottles of 1.5 Gm. 


(Pfizer) PFILER LABORATORIES, frookiyn 6, N.Y. Priston, Chas Miser & Cin I 


LANCASTER PRESS, INC., LANCASTER, PA. 





